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Pathogenesis-related proteins in Sauvignon Blanc grapes and the influence of 
their extraction on resultant juice composition and wine protein stability 
 
by 
Bin Tian 
 
Protein stabilization of white wine is a process whereby proteins which may later give rise to a haze 
are removed prior to bottling. This is normally achieved by fining with bentonite, a clay material that 
has a strong affinity for proteins and other larger molecules. It is now well-established that 
pathogenesis-related (PR) proteins, which are originally derived from grape berries, are mostly 
responsible for haze formation. In this study, PR proteins in specific Sauvignon Blanc grape tissues 
were identified and quantified. Changes in the PR protein composition of grape skin and pulp during 
ripening and in response to environmental stresses (UV exclusion and powdery mildew infection) 
were determined, followed by evaluation of the impact of these changes on the extraction of PR 
proteins into juice. In addition, as grape harvesting and processing conditions can influence the 
extraction of proteins and other grape components that may interact with them, the effects of 
harvesting and grape processing on juice composition were investigated and protein heat instability 
in corresponding wines determined. Finally, the effect of skin contact on juice composition was 
examined in an experiment designed to investigate how the interactions between proteins and 
phenolics affect the extraction of grape components. 
Using liquid chromatography tandem mass spectrometry (LC-MS/MS) technology, the main soluble 
PR proteins in wine, thaumatin-like proteins (TLPs) and chitinases, were identified as present in both 
Sauvignon Blanc grape skin and pulp, but not in the seed. The majority of identified proteins were 
involved in metabolism and energy. Proteins identified in grape seed were less diverse than those 
identified in grape skin and pulp. The sodium dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE) analysis of fractions of protein extracts separated by high performance liquid 
chromatography (HPLC) indicated the individual elution time of TLPs and chitinases. Thus, the area of 
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 these peaks was accordingly used for relative quantification of TLPs and chitinases in protein extracts 
of grape tissues. 
Ripening of Sauvignon Blanc grapes coincided with the increase in phenolic content on a per berry 
basis in both grape skin and pulp, but the phenolic concentration on per kg fresh weight basis 
showed a decreasing trend in grape skin during ripening.  This suggested that the accumulation of 
phenolics in skin during ripening was less than the dilution effect caused by berry growth. Tannin was 
only detected in grape skin and the changes in tannin content was similar to total phenolics. 
Accumulation of proteins along with the increase of °Brix during ripening was observed in both grape 
skin and pulp. PR proteins were synthesized and accumulated in both skin and pulp from véraison 
until harvest. This increase of PR proteins in grape berries was also reflected in the corresponding 
juice. In addition, the concentration of PR proteins in grape berries showed a positive correlation 
with the concentration of total proteins. 
UV exclusion and powdery mildew infection resulted in decreased phenolic concentration and 
increased PR protein concentration, respectively, which was in agreement with previous studies. 
Furthermore, the results showed that the concentration of PR proteins in the resultant juice was 
predominantly determined by the concentration of PR proteins in grape pulp, but the concentration 
of PR proteins in the skin and interactions of proteins with phenolics/tannin during the juicing 
process may modulate the final concentration of PR proteins in juice. The UV exclusion treatment 
compared to the control treatment resulted in a lower concentration of PR proteins in grape skin, but 
not in the pulp. However, the corresponding juice showed a higher concentration of PR proteins from 
UV exclusion treatment suggesting the loss of PR proteins as a result of phenolic-protein interactions 
in UV exclusion treatment was less than control as the concentration of phenolics in grapes was 
significantly reduced by UV exclusion. Significantly higher concentration of PR proteins in grapes 
from highly scarred berries with powdery mildew infection was reflected in the resultant juice. In 
addition, the lower concentration of tannin in juice from these berries also suggested the loss of 
tannin as a result of interactions between tannin and proteins. 
The harvesting and grape processing experiment showed that the year and vineyard site had a major 
impact on juice and wine composition. For grapes harvested in the same vineyard and vintage, 
machine harvesting resulted in a lower concentration of proteins, particularly PR proteins, than hand 
harvesting with destem, crush and 3 h skin contact. These juices and wines therefore required less 
bentonite addition for protein stabilization as bentonite requirement had been observed to be 
positively correlated with concentration of chitinases in juice and wine. The results suggested that 
the phenolic-protein interaction and juice oxidation, which was greater in mechanical harvesting 
 
v 
 than hand harvesting may have resulted in the loss of PR proteins. Furthermore, the potential 
increase in PR proteins as a result of 3 h skin contact was likely having little impact on final 
concentration of PR proteins in juice. Pressing treatments also affected juice composition since 
desteming, crushing and 3 h skin contact resulted in greater juice yield and higher concentration of 
phenolics and proteins (including PR proteins) than whole bunch pressing. Greater extraction of 
phenolics was also found in juice obtained at higher pressing pressure. 
Investigation of the effects of skin contact showed that juice treated with 24 h skin contact had the 
highest concentration of total phenolics and chitinases using both fresh berries and berries that were 
chilled for 24 h. Thus, longer skin contact will increase the protein concentration in juice, in particular 
the haze forming PR proteins, but the degree of this increase might be reduced along with more 
phenolic compounds co-extracted from skin as a result of phenolic-protein interactions. The effect of 
such interaction on reducing protein concentration was reflected in decreased concentration of 
bovine serum albumin (BSA) in extractants after skin extraction. The concentration of phenolic and 
tannin in skin extracts by using extractants added with BSA was lower than by using extractants 
without addition of BSA, also indicating the occurrence of phenolic-protein interactions. In addition, 
compared to mechanically pressed juice in which no tannin was observed, hand-squeezed juice had 
considerable amount of tannin but lower protein concentration. This suggested that hand squeezing 
was likely more effective in extracting grape skin components (mainly phenolics) through repeatedly 
squeezing and rubbing the mixture of skin and pulp, while mechanical pressing was likely more 
effective to extract grape pulp components (mainly proteins) through continuously applying high 
pressing pressure. 
This PhD project has revealed the distribution of haze forming TLPs and chitinases in Sauvignon Blanc 
grape skin and pulp. The concentration of PR proteins in juice is predominantly determined by their 
concentration in grape pulp, but the extraction of phenolics from grape skin might modulate the final 
concentration of PR proteins in juice through the phenolic-protein interaction during juicing process. 
The wine protein heat instability has been found positively correlated with the concentration of 
chitinases. Thus, any practices that can reduce extraction of chitinases into juice are important to 
improve the protein stabilization in final wine products. 
Keywords: bentonite requirement, chitinases, extraction, grape processing, harvesting, haze 
formation, HPLC, pathogenesis-related proteins, phenolics, powdery mildew, protein stability, 
ripening, Sauvignon Blanc, skin contact, tannin, thaumatin like proteins, UV exclusion. 
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 Chapter 1 
Introduction and Literature Review 
1.1 Introduction 
Protein stabilization in white wine is of great concern to winemakers as denaturation of proteins in 
wine may cause haze formation, which is usually considered a wine fault. Pathogenesis-related (PR) 
proteins are the major soluble proteins remaining in finished wine and these are mainly responsible 
for haze formation (Ferreira et al. 2002, Waters et al. 1996). PR proteins in wine are derived from 
grape berries. They are highly resistant to proteolysis and are tolerant of the low pH values 
characteristic of wines, which enables them to survive through the vinification process. Thus, the 
development of PR proteins in grape berries and the extraction of PR proteins from grapes into juice 
affects the concentrations of PR proteins in resultant wine which is related to wine protein stability. 
This literature review covers information about the origin, characterization and stabilization of wine 
proteins as well as viticultural and oenological factors that may indirectly influence wine protein 
stability by affecting the composition of grape berries or juice. 
1.2 Wine protein instability 
Proteins remaining in finished wine do not contribute significantly to the nutritive value of wines as 
their concentrations typically vary from 15 to 300 mg/L (Ferreira et al. 2002, Waters et al. 2005). 
However, the presence of unstable proteins in wine may result in unattractive haze formation. Under 
unfavourable storage conditions, these unstable proteins can be slowly denatured, which is thought 
to initiate protein aggregation and flocculation into a hazy suspension, leading to the appearance of a 
haze or precipitation in the bottled wine. The haze does not affect the organoleptic characteristics of 
the wine, but wines containing cloudy precipitates are likely to be rejected by consumers regardless 
of how the wine tastes. 
1.2.1 The wine proteins 
Wines, like many other natural food products, contain varying amounts of different nitrogenous 
substances, the most important of which are proteins (Ferreira et al. 2002). Proteins found in wine 
are mostly derived from grape berries. Using immunological methods, Ferreira et al. (2000) applied 
the specific polyclonal antibodies raised against the total proteins of a Portuguese Assario wine to 
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 analyse the origin of the wine proteins and found that the Assario wine proteins are originated 
entirely from the berry pulp. Three years later, a similar immune-detection study was also conducted 
by Dambrouck et al. (2003) who used three various polyclonal antibodies raised against must, yeast, 
and bacteria proteins to analyse the origin of proteins in a Chardonnay wine. The results obtained 
using these specific antibodies indicated that most of the wine proteins came from grapes and many 
of them were glycoproteins, but there were also some proteins from the yeast. Yeast may affect the 
wine protein composition in two ways: by transferring proteins to the wine during the process of 
yeast autolysis and/or hydrolysing the must proteins via the exocellular protease enzymes present in 
the yeasts ((Feuillat et al. 1980) cited by (Ferreira et al. 2002)). Furthermore, analysis of a Sauvignon 
Blanc wine using nano-high performance liquid chromatography (HPLC)/tandem mass spectrometry 
showed that within the 20 identified proteins there were two proteins from bacteria and one from 
fungi, which could possibly be attributed to sources in the vineyard including natural infections and 
improper handling during harvest (Kwon 2004). 
In previous studies, proteins from wine have been reported with molecular mass (MM) in the range 9 
to 65 kDa and isoelectric points (pI) in a range 3 to 9 (Falconer et al. 2010, Hsu and Heatherbell 1987, 
Schmidt et al. 2009). However, the majority of wine proteins have MM and pI in a low range (20-30 
kDa and 4.1-5.8, respectively), and possess a net positive charge at the pH values encountered in 
wines (Brissonnet and Maujean 1993, Ferreira et al. 2000, Hsu and Heatherbell 1987). Studies on 
fractions of wine proteins using denaturing polyacrylamide gel electrophoresis have shown that the 
wine protein fraction is mainly composed of only a few polypeptides ranging in MM from 15 to 30 
kDa, but a more detailed examination of whole protein fraction indicates a very large number of 
distinct polypeptides, exhibiting similar MM but subtle differences in electrical charges (Monteiro et 
al. 2001). In that study, the authors also revealed via highly specific antibodies and N-terminal 
sequencing analysis that most wine polypeptides were structurally similar, suggesting the existence 
of a common precursor to most or all of the wine proteins which could generate all of the detected 
polypeptides by limited proteolysis. 
In a study by Waters et al. (1992), two major proteins with MM of 24 and 32 kDa respectively by SDS-
PAGE are found with significant contribution to Muscat of Alexandria wine heat haze; the 24 kDa 
protein produced about 50% more haze than the 32 kDa protein. The N-terminal sequence of the 
protein with MW of 24 kDa showed homology to thaumatin and to a number of plant thaumatin-like 
proteins, and the N-terminal sequence of enzyme digested peptides of the protein with MM of 32 
kDa showed homology to plant chitinases (Waters et al. 1996). In a recent study, the two main wine 
proteins present in sodium dodecyl sulphate capillary gel electrophoresis (SDS-CGE) were 
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 determined with MW at 22 and 26 kDa respectively, which Hung et al. (2014) concluded as 
corresponding to putative thaumatin-like proteins (TLPs) and chitinases. In that study, the authors 
indicated the 26 kDa protein fraction was reduced and had become heterogeneous from the 28 kDa 
protein fraction in juice, and this 26 kDa protein fraction had a good linear correlation with bentonite 
requirement despite the 22 kDa protein fraction being predominant in wine. These two major soluble 
proteins in wine, the thaumatin-like proteins and chitinases, are classified as plant pathogenesis-
related (PR) proteins which are involved in plant defence reaction (Ferreira et al. 2002, Stintzi et al. 
1993). 
1.2.2 Pathogenesis-related proteins in grapevine and wine 
Waters et al. (1996) initially reported that wine haze forming proteins were largely composed of 
pathogenesis-related proteins.  Subsequently Monteiro et al. (2001) observed a wide diversity of 
wine proteins with structural similarity, although they reported that the majority of the wine 
proteins were structurally related to PR proteins. Ferreira et al. (2004) also reported that grape PR 
proteins were very stable in the short or medium term (in grape juice and during the winemaking 
process), but that they could become unstable in the long term (in wines).  
Pathogenesis-related proteins are a group of plant proteins induced in pathological or related 
situations (Datta and Muthukrishnan 1999).  They were first discovered in tobacco as a result of a 
hypersensitive reaction to tobacco mosaic virus (TMV) (Van Loon and Van Kammen 1970). PR 
proteins are typically acidic, of low molecular mass and highly resistant to proteolytic degradation 
and to low pH values. On the basis of similarities in amino acid sequences, serological relationship, 
and/or enzymic or biological activity, eleven families have been recognized (Table 1.1) and classified 
for tobacco and tomato (Van Loon et al. 1994). Some of these PR protein family members have also 
been found in the grapevine. The two prominent soluble proteins accumulated in grapes during 
ripening have been identified as chitinases (PR-3 family) and thaumatin-like proteins (PR-5 family) 
(Robinson and Davies 2000, Robinson et al. 1997). However, in early studies, the β-1,3-glucanases 
(PR-2 family), a potential indicator of pathogen attack, were not found in grape juice and/or berry 
extracts (Peng et al. 1997, Pocock et al. 2000, Robinson et al. 1997, Tattersall et al. 1997). With the 
accomplishment of grapevine genome sequencing programmes in 2007 (Jaillon et al. 2007, Velasco 
et al. 2007) and the development of technology in protein analysis, proteomic analysis of grapevine 
has significantly improved knowledge of grape proteins and produced a better understanding of their 
characteristics (Marzia and Gabriella 2010). These have consequently shown that there are more PR 
protein family members found in grapevine, such as osmotins (PR-5 family), β-1, 3-glucanases (PR-2 
family) and the PR-10 proteins (Deytieux et al. 2007, Jellouli et al. 2008, Okuda et al. 2006).  
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 The accumulation of PR proteins in grape berries during ripening has been observed (Tattersall et al. 
2001), with véraison being the trigger for gene expression. The expression of PR genes in grapes can 
also be modulated by the classical PR protein inducers such as wounding, chemical elicitors, 
pathogen attack and abiotic stress (Jacobs 1999, Robinson and Davies 2000). In addition, the level 
and proportion of PR proteins in grapes are also dependent on the cultivar, region, climate and 
viticultural practices (Falconer et al. 2010, Giribaldi et al. 2007, Marchal et al. 2001, Marsh et al. 
2010, Monteiro et al. 2007, Salazar et al. 2012). Therefore, the actual protein composition in ripe 
grape berries is a result of the interactions between environmental conditions and intrinsic factors. 
Since thaumatin-like proteins and chitinases are identified as the major soluble proteins in finished 
wine, the role of these proteins in white wine haze formation has been studied by Marangon et al. 
(2011). In their study, a direct correlation has been found between the concentration of chitinases in 
wine and the turbidity of heat-induced haze formation. In contrast, thaumatin-like proteins have less 
measurable impact on turbidity. This result was also confirmed by Hung et al. (2014) and Tian et al. 
(2013). The possible explanation for this is the difference in protein structure of two types of 
proteins. Marangon et al. (2010) have shown that thaumatin-like proteins start unfolding (or 
denaturing) at 62°C, but most of the proteins will refold again when the temperature drops down. In 
contrast, chitinases have a lower unfolding temperature and this denaturation is irreversible. Thus, 
once chitinases are unfolded, they may aggregate and precipitate out of the solution. 
1.2.3 Haze formation in wine 
Although a lot of research has investigated protein stabilization of wines in the past (Dawes et al. 
1994, Mesquita et al. 2001, Sarmento et al. 2000, Siebert 1999, Waters et al. 1996, Waters et al. 
1992), the precise mechanism of protein haze formation still remains incompletely understood. 
Pocock et al. (2007) proposed a hypothesis that the first step in protein haze formation in wines is 
protein denaturation, a process accelerated by heating, and then the denatured proteins aggregate 
into large enough particles to be visually detected as haze, a process that may be affected either 
positively or negatively by non-protein wine components. In a recent study, Batista et al. (2009) also 
have proposed two different mechanisms responsible for the heat-induced precipitation of the 
Arinto wine proteins: (1) at the higher pH values, it appears to result from isoelectric precipitation of 
proteins; (2) at the lower pH values, it seems to be associated with the presence of the non-protein 
wine components.  
As the main soluble proteins remained in finished wine, the slow denaturation of pathogenesis 
related proteins is thought to lead to protein aggregation, flocculation into a hazy suspension and 
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 formation of precipitates. Using thaumatin-like proteins and chitinases which were highly purified 
from grape juice using a two-step method (Van Sluyter et al. 2009), Marangon et al. (2011) 
investigated the roles of these two types of PR proteins in white wine haze formation: chitinases are 
the primary cause of heat-induced haze formation and their concentration was directly correlated to 
the turbidity of heat-induced haze formation, but conversely thaumatin-like proteins seemed having 
no measurable impact on turbidity. This result was confirmed by a latter study conducted by Gazzola 
et al. (2012) who used a reconstitution method to investigate the heat-induced aggregation 
behaviour of purified wine proteins. The results showed that the chitinases was the protein most 
prone to aggregate and the one that formed the largest particles. It is important to note that in the 
reconstitution experiment four thaumatin-like protein isoforms, chitinases, phenolics and 
polysaccharides in a Chardonnay wine were isolated individually, and the wine stripped of these 
compounds was used as a base to reconstitute each of the proteins alone or in combination with the 
isolated phenolics and/or polysaccharides. Although phenolics and polysaccharides did not show a 
significant impact on aggregation behaviour of chitinases, the thaumatin-like protein isoforms varied 
in susceptibility to haze formation and in interactions with phenolics and polysaccharides. These 
observations obtained in model system indicated the importance of non-protein factors in affecting 
protein haze formation. 
1.2.4 Non-protein factors affecting the haze formation 
The presence of proteins in wine is certainly a pre-requisite for haze formation and higher wine total 
protein concentration generally results in higher tendency of turbidity formation (Mesquita et al. 
2001). If wine instability was solely related to its protein content, quantification of total protein 
content could be used to evaluate the protein stabilization in white wine. However, protein 
instability does not correlate well with the wine total protein content (Bayly and Berg 1967). For 
instance, Mesquita et al. (2001) investigated the characteristic patterns of turbidity formation from 
six Portuguese wines. When wine A was depleted of its own proteins and added back with the 
proteins separated from wine B, the pattern of turbidity formation again behaved like the original 
wine A. This result suggested that the non-protein components determine the typical pattern of haze 
formation. Therefore, the interactions between wine components and the consequent effect on wine 
protein stability have to be taken into account to better understand the mechanism of protein haze 
formation in wine. 
Phenolics - Phenolic compounds are important constituents in white wines since they contribute to 
many characteristics such as appearance, taste, style and quality (Parker et al. 2007). There are two 
subclasses of phenolics present in grape: non-flavonoids and flavonoids. Non-flavonoids include 
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 phenolic acids and hydroxycinnamic acids, while the flavonoids include flavanols, condensed tannins 
and in red grapes anthocyanins. Different phenolic compounds are distributed in different grape 
tissues: the grape skin contains mainly flavonols (25-170 mg/kg grapes), with some flavanols (10-100 
mg/kg grapes) and hydroxycinnamates (6-45 mg/kg grapes) (Rodríguez Montealegre et al. 2006); the 
grape pulp contains the majority of the hydroxycinnamates; the grape seed contains the monomeric 
flavanols such as catechin, epicatechin, epigallocatechin and their gallate esters (Parker et al. 2007). 
The polymeric flavanols (also called condensed tannins) present in grape skin and seed vary in their 
monomeric composition, linkage configuration, and chain length (Herderich and Smith 2005).  
Phenolic concentrations in grape skin and seed of six white grape varieties in Spain were analysed by 
Rodriguez-Montealegre et al. (2006), and their results illustrated that each variety had a distinct 
pattern of phenolic composition in the grape skins and seeds. In addition, polyvinyl polypyrrolidone 
(PVPP) fining of commercial wines resulting in a reduction in protein haze has been observed by 
Pocock et al. (2007), which also suggested that phenolics may play a modulating role in haze 
formation. The interaction between phenolics and proteins has been studied in relation to haze 
formation (Siebert 1999, Siebert et al. 1996). Hydrophobic bonding was suggested as the major 
model of interaction in tannin-protein complexes (Oh et al. 1980). Siebert et al. (1996) confirmed this 
statement and proposed a conceptional model for the interaction, in which a protein molecule has a 
fixed number of polyphenol binding sites and more sites were exposed when protein hydrogen 
bonds were broken. Thus, taken together, the concentration of various phenolics in wine could 
provide one explanation for the lack of correlation between total protein content and heat stability 
because of the interaction between phenolics and proteins. 
Polysaccharides - Most polysaccharides present in musts are derived from berry cell walls, which 
include arabinogalactans, galacturonans, arabinans, and smaller amounts of xyloglucans, cellulose 
and mannans. In the musts, type II arabinogalactan-proteins are the main polysaccharides released 
from berries at the initial time of pressing; in the resulting wine, polysaccharides consist essentially of 
type II arabinogalactan-proteins and rhamnogalacturonan-II (Vidal et al. 2000). The effect of wine 
polysaccharides on protein stability has been studied. Pellerin et al. (1994) investigated 15 different 
polysaccharides and observed that they either did not affect or increased haze during heat testing. 
Another study by Mesquita et al. (2001) showed that wine polysaccharides did affect the 
characteristic pattern of haze formation, increasing protein instability under moderately high 
temperature (40 to 50°C). Conversely, manno-proteins, the polysaccharides derived from yeast, have 
been described as protecting wines from protein haze formation (Waters et al. 1994). This 
polysaccharide is considered a promising prospect for preventing protein haze formation in white 
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 wine. Furthermore, the interaction of polysaccharides with tannins has been studied (Hazak et al. 
2005, Riou et al. 2002), and can influence the grape juice composition by their effect on the 
extraction of tannins. 
Wine pH - The effect of pH on protein haze formation in wine has also been investigated. Siebert et 
al. (2003) studied the effect of alcohol concentration and pH on protein-polyphenol haze intensity 
and particle size in a model wine system and concluded that maximum haze formed at pH 4.0-4.5 
when ethanol was 12%, with less haze at lower or higher pH values. However, Mesquita et al. (2001) 
investigated six actual wine samples and found that the white wine proteins were increasingly heat 
stable when pH increased from 2.5 to 7.5. In order to better understand the effect of pH on wine 
protein stability, one study from our research team has been conducted by Hung (2010). In this 
study, wine pH was adjusted to 2.80, 3.00, 3.34, 3.65 and 3.85. The results showed that lower pH 
wines required lower bentonite dosages for stability because reduced wine pH improved protein 
adsorption efficiency by bentonite fining. In a recent study, Dufrechou et al. (2012) found that the 
maximum protein instability was observed at lower pH at 25°C in model wine protein solutions, but 
increasing temperature could lead to a shift of the maximum haze at higher pH. The authors 
suggested the possible explanation was the opposite impact of pH on intramolecular (conformational 
stability) and intermolecular (colloidal stability) electrostatic interactions. In contrast, Lambri et al. 
(2013) reported that the heat stability of an Italian white wine was increased at lower pH. The 
differences between those studies could be caused by the differences in experimental system as the 
real wine has more complex components than the model solutions, which may affect the aggregation 
of proteins, such as interactions between proteins and phenolics. 
Ethanol - Ethanol is a significant product of fermentation, but few studies have investigated the 
correlation between ethanol concentration and protein stability.  Sarmento et al. (2000) investigated 
23 Portuguese and Austrian wines, and found that ethanol content had no significant influence on 
the development of turbidity. This result was confirmed later by Mesquita et al. (2001) who added 
extra ethanol to white wine samples and concluded that ethanol concentration had no influence on 
wine protein haze formation. 
Sulphate - Recently, it has been found that the sulphate anion in white wine was an essential factor 
that is required for protein haze formation (Pocock et al. 2007). In that study, the authors 
investigated various common wine anions such as sulphate, acetate, chloride, citrate, phosphate and 
tartrate, and wine cations such as iron and copper. When these ions were added into artificial model 
wine solutions at typical white wine concentrations, only sulphate was found to be essential for 
protein haze formation. Furthermore, in this model wine system, the thaumatin-like protein (150 
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 mg/L) required approximately 150 mg/L sulphate, and the chitinase (150 mg/L) required 
approximately 15 mg/L sulphate, for visible haze formation. The range of sulphate in Australian 
wines between 1994 and 1997 was from 56 to 1780 mg/L, with a mean of 385 mg/L which exceeds 
the requirement of both thaumatin-like protein and chitinase for haze formation. A recent study 
(Marangon et al. 2011) confirmed that sulphate was essential in the aggregation of grape chitinases 
and thaumatin-like proteins in a model system, and furthermore the authors pointed out that the 
aggregation mechanisms of TL proteins and chitinases are different and influenced by the ionic 
content of the model wine. 
Metal ions - There are many ions present in wine, and these ions have been suggested as playing a 
role in white wine protein haze formation. Metal ions, particularly copper and iron, have been 
implicated in the formation of protein hazes in white wines, but as they are also associated with 
hazes of non-protein origin, their role in protein haze formation is very poorly understood (Waters et 
al. 2005). Besse et al. (2000) investigated the role of total and free copper in protein haze formation. 
They found that the copper concentration in wine decreased after protein haze removal, suggesting 
copper was part of the protein precipitation. However, in a recent study, iron and copper have been 
documented with no essential effect on protein haze formation (Pocock et al. 2007). 
1.2.5 Bentonite fining 
Removal of the proteins remaining in finished wine before bottling is critical for wine protein 
stabilization. In the wine industry, bentonite, a swelling 2:1 aluminosilicate clay, is usually added to 
wine to remove the proteins (Blade and Boulton 1988). As proteins in wine are positively charged at 
wine pH and bentonite carries a net negative charge, wine proteins can be absorbed onto bentonite 
due to the cationic exchange (Blade and Boulton 1988, Ferreira et al. 2002). Hsu and Heatherbell 
(2008) have shown that wine proteins with higher pI (5.8-8.0) and intermediate MW (32-45 kDa) are 
preferentially removed by bentonite fining, but a proportion of wine proteins, which have a MW 
range from 60 to 65 kDa and pI range from 4.1 to 8.0, are highly resistant to removal by bentonite 
fining. In that study, the authors also pionted out that the removal of proteins with lower pI (4.1-5.8) 
and lower MM (12.6 kDa and 20-30 kDa) was necessary for protein stabilization. In contrast to this 
conclusion, another study conducted by Dawes et al. (1994) showed that the amount of protein 
depletion correlated linearly with the level of bentonite addition, implying no bentonite selectivity 
based on isoelectric point. Waters and Colby (2009) suggested the different conclusions from these 
two studies might be partly attributed to the different methods used to separate and quantify the 
proteins. 
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 The required dosage of bentonite addition for protein stabilization is normally determined in the 
winery by using bentonite fining trials, which involves a heating procedure to force protein haze 
formation. The effect of different temperatures and durations of heating on the  resulting haze 
formation have been compared by Pocock and Rankine (1973) who found that heating at 80°C for 6 
hours can produce the most haze. However, a recent study suggests the less severe condition of 
heating at 80°C for 2 hours is more appropriate to predict bentonite requirement for wine stored in 
the short term to medium term (Pocock and Waters 2006).  
A good linear correlation between bentonite requirement and the 26 kDa wine protein fraction 
(putatively chitinases) has been revealed (Marchal et al. 2001). This observation is also consistent 
with the study conducted by Marangon et al. (2011) who indicated that chitinases are the dominant 
protein in a haze induced by treating Sauvignon Blanc wine and the concentration of chitinases was 
directly correlated to the turbidity of heat-induced haze formation. 
1.3 Effect of growing conditions on grape composition 
Grape-derived wine components, such as proteins, phenolics and polysaccharides, have been 
reported to be involved in the process of protein haze formation. Thus, the change in these 
components in grape berries could consequently affect the wine protein stability. In the vineyard, 
there are many factors that can affect grape berry composition. 
1.3.1 Ripening 
The development of phenolic compounds in grape berries during maturation and ripening has been 
studied for over 40 years. In an early study by Singleton (1966), a general trend was found of 
reducing total phenolics per unit weight of berry over time as the berry grew, but the total phenolics 
content per berry actually increased quite rapidly over a considerable portion of the berry 
development and ripening period. The increase of total phenolics and anthocyanin levels in red grape 
skin during ripening was also observed in a later study (Pirie and Mullins 1980). In white grapes, the 
major phenolic compounds during maturation of grape berries have been studied by Lee and 
Jaworski (1989) who observed that hydroxycinnamic tartrates decreased continuously to a low 
concentration at harvest, while flavan-3-ols, procyanidins and their gallates increased sharply at 
véraison and then decreased to their lowest concentrations at harvest. In a recent review with regard 
to phenolics and ripening in grape berries, Adams (2006) describes the changes of phenolics in grape 
berries during ripening at the level of different tissues: in the skin, tannins change very little from 
véraison to harvest on a per berry basis (Harbertson et al. 2002), indicating the synthesis of tannin in 
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 skin occurred very early in berry development, but the mean degree of polymerization (mDP) of skin 
tannin increases during ripening (Kennedy et al. 2001); in the pulp, the dominant phenolic 
compounds are hydroxycinnamates which increase during the early stage of ripening towards 
véraison, and then declined leading to a constant amount on a per berry basis as the fruit ripened 
(Romeyer et al. 1983); in the seed, most of soluble phenolics are tannins which show a general 
decline during ripening (Downey et al. 2003, Kennedy et al. 2000, Ristic and Iland 2005). 
Protein content in grape berries generally increases during ripening (López-Miranda et al. 2011, 
Murphey et al. 1989, Serrano-Megías et al. 2006). Pocock et al. (2000) also observed the 
accumulation of haze-forming proteins, thaumatin-like proteins and chitinases, and the increase of 
PR proteins during ripening of grape berries has also been observed in the study conducted by 
Giribaldi et al. (2007). Analysis of proteins in grape skin shows that numerous soluble proteins evolve 
during ripening and reveal specific distributions at different stages. At the beginning of colour 
change, proteins involved in photosynthesis, carbohydrate metabolism, and stress response are 
identified as being over-expressed. At the end of colour change, proteins involved in anthocyanin 
synthesis are over-expressed, and at the harvest, the dominant proteins are involved in defence 
mechanisms (Deytieux et al. 2007). Although the level of PR proteins in grape berries increases, the 
diversity of PR proteins decreases during grape ripening (Monteiro et al. 2007). 
1.3.2 UV radiation 
The influence of sunlight exposure on grape berry development and composition has been studied 
mainly in regard to the phenolic compounds (Bergqvist et al. 2001, Crippen Jr and Morrison 1986, 
Crippen Jr and Morrison 1986, Ristic et al. 2007, Spayd et al. 2002). Sunlight exposed fruits are 
generally greater in total soluble solids, anthocyanins, and phenolics and lower in titratable acidity, 
malate and berry weight compared to non-exposed or canopy-shaded fruits. Mclean (2005) has 
reported that sun exposure and sunburn in Chardonnay grapes resulted in higher total phenolics, and 
it is noteworthy that highly sun exposed Chardonnay grapes have about six times the quercetin levels 
of shaded or control clusters. One study on Riesling must showed that the total amino acid 
concentration was significantly lower for fruits exposed to ambient UV-B levels as compared to the 
low UV-B treatment, and reduced UV-B affected amino acid composition, causing higher levels of 
arginine and glutamine, the main sources of amino acid for yeast metabolism (Schultz et al. 1998). In 
a later study, Lafontaine et al. (2005) reported that the exposure to UV-B radiation increased both 
the concentration of total bound glycosidic secondary metabolites and phenolics. These increased 
phenolics, which may interact with both proteins and cell walls, could affect the concentration of 
proteins in pre-fermentation grape juice. 
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 1.3.3 Fungal infection 
Grey mould caused by Botrytis cinerea is one of the main fungal diseases found in grapevines. 
Differences between musts obtained from healthy or Botrytis infected (botrytized) grapes in protein 
electrophoretic characteristics were first reported by Marchal et al. (1998). They found that most 
proteins normally present in the healthy must, namely those between 20 and 30 kDa and a major 
glycoprotein at 62/64 kDa, disappeared in the infected must. These results suggested that some 
proteinases secreted by Botrytis cinerea could degrade grape proteins. It is noteworthy that the 
molecular mass of pathogen-related (PR) proteins is in the range of 20 and 30 kDa (Waters et al. 
1996). Studies on Botrytis cinerea infection on Chardonnay or Semillon grapes have also revealed 
that the concentrations of both PR proteins and total proteins in botrytized grape juice decreased 
compared to the juice from healthy grape berries (Girbau et al. 2004). Marchal et al. (2006) analysed 
the protease activity of Botrytis cinerea secreted proteins on degradation of BSA or must proteins in 
synthetic wine, and they suggested that Botrytis cinerea proteases were able to degrade both BSA 
and must proteins. The analysis of Botrytis cinerea infected champagne wine showed that a number 
of spots of proteins disappeared on two-dimensional electrophoresis (2-DE), comparing to the 
healthy wine, suggesting that a proteolysis occurred (Cilindre et al. 2007). 
Conversely, powdery mildew infection on grape berries has been documented as increasing levels of 
pathogenesis-related (PR) proteins (Girbau et al. 2004, Monteiro et al. 2003). The strongly induced 
expression of some PR genes such as VvChi3 (coding for an acidic class III chitinase), VvGlub (coding 
for a basic class I glucanase), and VvTl2 (coding for a thaumatin-like protein) has been reported in 
powdery mildew infected grape berries (Jacobs 1999). A recent study conducted by Marsh et al. 
(2010) also showed that a number of the proteins were induced in leaf tissues of Cabernet Sauvignon 
grapevine in response to powdery mildew infection, suggesting that Cabernet Sauvignon is able to 
initiate a basal defence but is unable to restrict fungal growth or slow down disease progression. In 
addition, powdery mildew infected Chardonnay grape juice has been reported as having more 
mushroom aroma, and the corresponding wine having more fungal, earthy and cooked tomato 
aroma attributes, comparing to healthy controls (Stummer et al. 2003, Stummer et al. 2005). 
1.4 Effect of harvesting and grape processing on the composition of juice 
and wine 
By the time of harvesting, the composition of grape berry is set, but the composition of 
corresponding juice can be affected by the extraction of grape components. The different harvesting 
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 methods and grape processing conditions therefore play an important role in determination of juice 
composition through influencing the extraction of grape components.  
In an early study, the phenolic content in wine fermented from a machine harvesting treatment 
showed a higher level than a hand harvesting treatment (Noble et al. 1975), which was possibly 
because machine harvesting generated a greater extraction of phenolic compounds from grapes into 
juice. Increase of phenolic content in juice and wine has also been reported from applying longer skin 
contact or pomace contact. Cheynier et al. (1989) demonstrated that both Grenache and Chardonnay 
produced with pomace contact contained higher concentration of phenolic compounds and were 
more susceptible to browning than the corresponding free-run wines. Marais (1998) analysed the 
effect of skin contact on Sauvignon Blanc juice composition and found that concentration of 
polyphenols was increased by skin contact. Darias-Martıń et al. (2004) compared two pressing 
processes in Spanish white wine production and found that the maceration process resulted in higher 
levels of phenolics in the must than direct pressing. Gomez-Miguez et al. (2007) analysed nine 
different white wines produced with different skin contact times and found that extended skin 
contact significantly increased the levels of phenolics in the final wines. The recent study conducted 
by Gil et al. (2012) showed that both Cabernet Sauvignon and Tempranillo wines had higher 
concentration of proanthocyanidin with extended maceration, indicating the proanthocyanidin 
extraction from seeds was increased throughout the maceration time. 
As aroma and flavour related compounds and phenolic compounds in grapes are important to 
characterize the specific wine style, there is increasing study of and focus on the influence of 
harvesting and processing conditions on extraction of these compounds into juice. Iyer et al. (2010) 
investigated the impact of harvesting and processing conditions on green leaf volatile (GLV), which is 
caused by the disruption of plant cell walls during fruit juicing processing, in Concord grape juice. In 
their study, results showed that high temperature pre-treatment of must immediately following 
crushing resulted in 5- to 6-fold higher concentration of GLV than normal processing. The aroma 
compounds, 3-mercaptohexan-1-ol (3MH) and 3-mercaptohexyl acetate (3MHA), are important 
contributors to the tropical and passion fruit character of New Zealand Sauvignon Blanc wines. A 
study conducted by Patel et al. (2010) compared pressed Sauvignon Blanc juice with free run juice, 
and the results showed that pressed juice contained higher concentration of 3MH and 3MHA. In a 
following study, Allen et al. (2011) reported that the concentrations of precursors, 3-S-
cysteinylhexan-1-ol (Cys-3MH) and 3-S-glutathionylhexan-1-ol (Glut-3MH), were the highest in juice 
obtained at high pressing pressure (1.0 bar), but the corresponding wines showed lower 
concentrations of 3MH and 3MHA. Another study conducted by Maggu et al. (2007) analysed the 
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 effect of skin contact and pressure on New Zealand Sauvignon Blanc juice composition, particularly 
for Cys-3MH and 2-methoxy-3-isobutylpyrazine (IBMP, with a capsicum-like descriptor). The results 
showed that both Cys-3MH and IBMP were increased in juice by applying long skin contact and high 
pressing pressure. A recent study carried out in Australia showed that long distance transportation 
(800 km in 12 h), which provided an extended skin contact for mechanically harvested grapes, also 
resulted in the concentration of Cys-3MH increasing in Sauvignon Blanc grape juice (Capone and 
Jeffery 2011). 
In contrast to aroma and flavour compounds, the influences of harvesting and processing conditions 
on proteins, particularly for PR proteins, have been rarely studied. The only published information 
were studies carried out in Australia and reported by Pocock and his colleagues (Pocock et al. 1998, 
Pocock and Waters 1998).  In their study, the juice obtained from mechanical harvesting coupled 
with long-distance transport was reported with a higher concentration of PR proteins compared to 
juice obtained from hand harvesting fruit, and the authors suggested that the skin contact during 
transport of mechanically harvested grapes was mainly responsible for the increase in protein 
content. However, that work was relevant to Australian conditions that are considerably different to 
those experienced in New Zealand, especially when the long distance transport could be avoided. 
Moreover, the free run juice samples from mechanically harvested and hand-picked grapes used in 
studies of Pocock et al. were both obtained by hand squeezing berries, which might not present the 
real situation in the winery where the grapes are either whole-bunch pressed or crushed before 
being pressed. In this case, the extraction of skin components due to skin contact may not be 
determinant in juice composition. Alternatively the interactions between proteins and phenolics or 
tannins during the process of harvesting and grape processing, which could result in the loss of 
proteins (Adamczyk et al. 2012, Marangon et al. 2010, Siebert 1999), may play a more important role 
in affecting the concentration of protein in juice.  
1.5 Project aims 
Protein stabilization of white wine is critical for winemakers and it is usually achieved by adding 
bentonite to wine based on protein heat stability testing. This is significantly influenced by the 
concentration of PR proteins in wine (Waters et al. 1996) which are mainly derived from grape 
berries. Thus, the extraction of PR proteins from grapes into juice is the main determining factor 
controlling the concentration of PR proteins in wine and, hence, bentonite requirement. However, 
the final concentration of PR proteins in juice is the result of a complex interplay of many factors, 
such as the grape variety (Fukui and Yokotsuka 2003), growing region (Sarmento et al. 2001) degree 
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 of ripeness (Pocock et al. 2000) and the potential interaction of proteins with phenolics (Pocock et al. 
2007).  
In this study, we focus on the influence of the interaction of proteins with phenolics on extraction of 
PR proteins from Sauvignon Blanc grapes into juice. Therefore, we started the project with 
identification and quantification of PR proteins in different grape tissues of Sauvignon Blanc, and 
investigated the changes of protein and phenolic content during grape ripening.  
UV radiation and powdery mildew have been reported to increase the concentration of phenolics 
(Ristic et al. 2007) and increase the concentration of PR proteins (Girbau et al. 2004), respectively. In 
order to examine the impact of potential interaction of proteins with phenolics on the extraction of 
PR proteins, we attempted to decrease the level of phenolics and increase the level of PR proteins in 
grape berries by using UV exclusion and powdery mildew infection treatments respectively, on 
grapevines (Mullin’s vine) in a controlled environment (Mullins and Rajasekaran 1981). With regard 
to practical experiments as well as to further understand the impact of harvesting and processing 
techniques that apply to New Zealand conditions, grapes and juices from different harvesting 
methods and processing conditions over two vintages (2011 and 2012) were collected and analysed 
from two vineyards in the Marlborough region. 
Ultimately, we designed an experiment to investigate how the interaction of proteins and phenolics 
affect the extraction of grape components. In addition, we also investigated the effect of skin contact 
on extraction of grape components into juice.  
Taken together, there are five objectives in this project: 
I. To profile PR proteins in Sauvignon Blanc grape skin, pulp and seed; 
II. To investigate changes in PR protein and phenolic content in Sauvignon Blanc grapes during 
ripening; 
III. To investigate the effects of UV exclusion and powdery mildew infection on Sauvignon Blanc 
grape composition and the extraction of PR proteins into juice; 
IV. To investigate the influence of harvesting and grape processing on Sauvignon Blanc juice 
composition and the resultant wine protein instability; 
V. To investigate the influence of various extractants and skin contact on grape skin extraction. 
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 1.6 Thesis structure 
Including this introduction and literature review, this thesis consists of eight chapters. Chapter 2 
outlines the methodology used throughout the project. Chapters 3, 4, 5, 6 and 7 are research results 
prepared in the form of journal papers, although only a brief objective is included to avoid repetition 
of the introduction and literature review. However, the references for each of the results chapters 
are included in the recognized format of the targeted journals. Chapter 8 is an overall discussion and 
conclusion for the project and is followed by a complete list of references. 
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 Table 1.1 Recognized families of pathogenesis-related proteins (Van Loon et al. 1994) 
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 Chapter 2 
General Methodology 
2.1 Extraction of grape components 
2.1.1 Extraction of phenolic compounds 
Grape skin was collected by hand-peeling 20 frozen grape berries and the pulp was accordingly 
obtained by removing the seeds. The skin and pulp were ground into a fine powder separately in 
liquid nitrogen with a mortar and pestle, and then approximately 0.5 g of skin powder and 1 g of pulp 
powder were weighted and added to 5 mL of 50% (v/v) ethanol/water in 15 mL centrifuge tubes 
(Corning Life Science, USA). After vortexing the falcon tube for one hour, the supernatant was 
collected by centrifuge (Centrifuge 5810R, Eppendorf, Germany) at 3000 g for 30 min at room 
temperature (Nawaz et al. 2006). 
2.1.2 Extraction of proteins 
The protein extraction from the grape skin, pulp and seed was adapted from previously described 
protocols (Vincent et al. 2006). Approximately 2 g of skin and 2 g of pulp were ground to a fine 
powder in liquid nitrogen with mortar and pestle. The powder was vortexed in 5 mL of sucrose buffer 
(0.7 M sucrose, 0.5 M Tris-HCl pH 7.5, 50 mM EDTA, 0.1 M potassium chloride, 2 mM PMSF, 2% 2-ME 
and 1% PVPP) and incubated for 30 min at 4°C. An equal volume of 1 M Tris-saturated phenol (pH 
7.9) was added. The mixture was stored at -20°C for 30 min with vortexing every 10 min. The phases 
were separated by centrifugation (for 30 min at 0°C and at 3210 g). The upper phenol phase was 
collected and re-extracted twice with an equal volume of sucrose buffer. From 5 mL initially collected 
of the phenol phase, 2 mL was recovered after two re-extractions. Five volumes of 0.1 M (w/v) 
ammonium acetate in cold methanol were added to the phenol phase followed by incubation at  
-20°C overnight to precipitate proteins. The pellet was washed three times with 5 mL of cold 0.1 M 
ammonium acetate/methanol (w/v) and once with 5 mL of cold acetone. 
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 2.2 Determination of phenolic compounds 
2.2.1 Determination of total phenolics 
The concentration of total phenolics was determined using a micro scale protocol for the Folin-
Ciocalteau colorimetric reaction method (Waterhouse 2002). Total phenolics were quantified against 
a gallic acid standard curve (0 to 500 mg/L). Grape skin extracts were diluted with an equal volume of 
50% ethanol before the measurement. The absorbance readings were taken at the wavelength of 
765 nm on a Unicam Heλios UV-VIS Spectrophotometer (Cambridge, UK). 
2.2.2 Determination of tannin by MCP 
Total tannin was determined using the 1 mL assay of the methylcellulose precipitation (MCP) method 
by Sarneckis et al. (2006) as modified by Mercurio et al. (2007). Methylcellulose solution (0.04% of 
the product; Sigma-Aldrich, M-0387, Sydney, Australia, 1500 cP viscosity at 2%) and saturated 
ammonium sulphate solution (Sigma-Aldrich A4915, Auckland, New Zealand) were prepared 
according to Sarneckis et al. (2006). The standard curve was provided by 0-125 mg/epicatechin 
(Sigma-Aldrich, Auckland, New Zealand). Grape skin extracts (25 μL) were used for analysis, but not 
grape pulp as it contained no tannin. Measurements were carried out at 280 nm in a Unicam Heλios 
UVVIS Spectrophotometer. 
2.3 Protein analysis 
2.3.1 Determination of total proteins 
Total protein content was determined using the EZQ protein quantification kit (Invitrogen, New 
Zealand) following the manufacturer’s instructions. The calibration curve was developed using 
dilution series of ovalbumin (0-500 mg/L). Fluorescence measurements were taken using 
excitation/emission settings of 485/590 nm with a 96-well micro plate reader (FLUOstar Omega, New 
Zealand). 
2.3.2 Identification and quantification of PR proteins using HPLC 
Samples (50 µL) were loaded at 1 mL/min onto a C8 column (4.6x250 mm, Vydac 208TP54), fitted 
with a C8 guard column kit (4.6x5 mm, Vydac 208GK54) which was equilibrated in a mixture of 83% 
(v/v) solvent B [0.1% trifluoroacetic acid (TFA) in 8% acetonitrile] and 17% solvent A [80% 
acetonitrile, 0.1% (v/v) TFA] and held at 35°C. Proteins were eluted by a gradient of solvent A, from 
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 17% solvent A to 49% solvent A in the first 7 min, from 49 to 57% in 7 to 15 min, from 57 to 65% in 15 
to 16 min, from 65 to 81% in 16 to 30 min, and then held at 81% for 5 min before re-equilibrating the 
column in the starting conditions for an additional 6 min (Marangon et al. 2009). Elution was 
monitored by absorbance at 210, 220, 260, 280, and 320 nm. Identity of TLPs and chitinases in juice 
and wine samples was assigned from the 210 nm chromatogram by comparison of peak retention 
times to those of purified TLPs and chitinases (provided by Australian Wine Research Institute). 
Protein quantification was conducted through comparison with the peak area of thaumatin from 
Thaumatococcus daniellii (Sigma-Aldrich, New Zealand), and thus the protein concentration was 
expressed as thaumatin equivalent.  
2.3.3 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 
The protein samples (15 µL) were mixed with 5 µL of the NuPAGE LDS sample loading buffer (Novex, 
Life Technologies, US) and denatured at 70°C for 10 min. Denatured protein samples were then 
loaded onto the NuPAGE Bis-Tris Mini Gel (Novex, Life Technologies, US). Electrophoresis was run in 
MOPS SDS running buffer with constant voltage mode (200 V) at room temperature for 50 min. The 
gel was stained using SimplyBlue SafeStain (Novex, Life Technologies, US) according to the 
manufacturer’s protocol. 
2.4 Protein stability tests 
To determine the bentonite requirement of the wines, hot/cold tests were performed on samples 
with linear incremental additions of bentonite slurry. The 5% w/v of stock slurry was prepared by 
mixing 5 g of bentonite (BDH Laboratory Supplies, UAE) in hot water to make 100 mL total. This 
mixture was stirred overnight until smooth and free of clots. Appropriate volume of stock slurry was 
added into portions of wine to make up different bentonite dose rates from 0 to 10 g/L. Wine 
samples added with bentonite were mixed and centrifuged followed by heating at 80°C in electro-
thermostatic water bath (BS-21, Total Lab System Ltd., New Zealand) for 6 hours, and then cooled in 
ice immediately and held at 4°C in fridge overnight (Pocock and Waters 2006). Heated wine samples 
were compared to unheated controls by spectrophotometry for small volume of wine samples and 
by nephelometry for large volume of wine samples. 
2.5 Haze measurement by spectrophotometer 
For small volume wine samples, a micro-scale trial (5 mL of wine) was carried out by determining the 
turbidity using a spectrophotometer (UV-1800, SHIMADZU Corporation, USA) at 540 nm in 1 cm path 
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 length cuvette cells (Pocock and Waters 2006). Samples are considered unstable when the difference 
in absorbance between heated samples and unheated controls is greater than 0.02 absorbance units 
(au). The bentonite requirement was determined by linear interpolation between the two closest 
relevant bentonite rates. 
2.6 Haze measurement by nephelometry 
For larger volume wine samples, turbidity of 25 mL of wine was determined using a nephelometer 
(2100P, HACH pacific, New Zealand) with the standard capped glass cells supplied with the 
instrument (Pocock and Waters 2006). The instrument was calibrated at 3 monthly intervals using 
the nephelometric turbidity units (NTU) standards supplied by the maker. Each series of 
measurements was made with the same cell, working backwards from the sample fined at the 
highest dosage rate, i.e., with the least haze, and rinsing the cell with some of each sample before 
filling to take a measurement. The cell was well rinsed with distilled water between series of 
samples. Measurements were made in NTU. Samples are considered unstable when the difference 
between heated and unheated controls was greater than 2 NTU. Bentonite requirement was 
calculated by linear interpolation between the two closest bentonite fining rates. 
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3.1 Abstract 
The major soluble pathogenesis-related (PR) proteins remaining in finished wine, thaumatin-like 
proteins (TLPs) and chitinases, are sourced from grape berries. However, the distribution of these 
haze forming proteins in different grape tissues is not well documented. In this study, the proteins 
extracted from Sauvignon Blanc grape skin, pulp and seed individually were trypsin digested and 
analysed by liquid chromatography electrospray ionization tandem mass spectrometry (LC-ESI-MS). 
Results showed that there were 75 proteins identified in Sauvignon Blanc grape skin, 63 proteins 
identified in grape pulp and 35 proteins identified in grape seed. The majority of identified proteins 
were involved in metabolism and energy. Some of identified proteins were exclusively present in 
specific grape tissues, for example, proteins involved in photosynthesis were only detected in grape 
skin and proteins involved in fermentation were only detected in grape pulp. Moreover, proteins 
identified in grape seed were less diverse than those identified in grape skin and pulp. The TLPs and 
chitinases were identified in both Sauvignon Blanc grape skin and pulp, but not in the seed. The SDS-
PAGE analysis of protein fractions separated by HPLC indicated the individual elution time of TLPs 
and chitinases in protein extracts of grape tissues. Thus, the area of these peaks was accordingly 
used for relative quantification of TLPs and chitinases in protein extracts of grape tissues in our 
future research. 
Keywords: liquid chromatography, mass spectrometry, pathogenesis-related proteins, Sauvignon 
Blanc, thaumatin-like proteins, chitinases 
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To avoid repetition of the literature review, the introduction section for this chapter has been 
replaced by a shorter objectives section. A fuller introduction will be included in the submitted paper. 
3.2 Objectives 
The distribution of pathogenesis-related (PR) proteins in specific grape tissue is of interest from the 
point of view of grape processing and wine making. This experiment aimed to profile the proteins in 
Sauvignon Blanc grape skin, pulp and seed individually by using liquid chromatography tandem mass 
spectrometry (LC-MS/MS). In addition, a method to quantify PR proteins in protein extracts of grape 
tissue using HPLC is also discussed. 
3.3 Materials and methods 
3.3.1 Sauvignon Blanc grapes and protein extraction 
Sauvignon Blanc grapes were collected from the Dillons Point vineyard in Marlborough, New Zealand 
at harvest in 2012. Protein extraction from the grape skin, pulp and seed was individually carried out 
according to the method described in Chapter 2. The protein pellet obtained at the last step of the 
extraction procedure was washed three times with 5 mL of cold 0.1 M ammonium acetate/methanol 
(w/v) and once with 5 mL of cold acetone before the trypsin digestion treatment. 
3.3.2 Trypsin digestion and LC-MS/MS 
The washed protein pellet was dissolved in 100 µL 50 mM ammonium bicarbonate by sonication for 
5 minutes.  The dissolved proteins were then reduced with 50 mM tris-(2-carboxyethyl) phosphine 
(TCEP), alkylated with 360 mM acrylamide and finally digested with sequencing grade trypsin 
(Promega). Nanoflow LC-MS/MS was performed on a Nano-Advance (Bruker) HPLC. Samples were 
loaded onto a C18 trap column and then switched in-line with an analytical column (Bruker, 0.1 x 150 
mm Magic C18 AQ 3.0µm, 200Å). Elution was performed at 0.8 µL/min, using a tailored gradient from 
0%-35% acetonitrile (with 0.1% formic acid) over 60 minutes and then from 35%-45% acetonitrile 
(with 0.1% formic acid) in 10 minutes. The column outlet was directly interfaced to an amaZon Speed 
ETD (Bruker) mass spectrometer. Automated information dependent acquisition (IDA) was 
performed using Hystar PP 3.2.44.0 software, with a MS survey scan over the range m/z 50–2200 
followed by three MS/MS spectra from 50–2200 m/z acquired during each cycle of 30 ms duration. 
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3.3.3 Analysis of MS/MS data 
After each LC-MS/MS run, peak lists were queried against Vitis vinifera sequences in the Uniprot 
database using the Mascot search engine (v2.2.03, Matrix Science) maintained on an in-house server. 
The following Mascot search parameters were used: ‘semitrypsin’ was selected as the proteolytic 
enzyme with two missed cleavages permitted; error tolerance was set to 0.3 Da for MS and 0.6 Da 
for MS/MS. Search results were compiled and analysed using ProteinScape 3.1.0 (Bruker) using the 
ProteinExtractor function and automatic assessment of true and false positive identifications of 
protein and peptide matches. Acceptance thresholds for peptide and protein scores were set at 20 
and 80, respectively. Results assessed as being true matches were used for further analysis. 
3.3.4 Assignment of identified proteins to functional classes 
The identified proteins were assigned a Gene Ontology (GO) term according to their molecular 
function by using their NCBI accession numbers to do the batch retrieval on the Protein Information 
Resource website (http://pir.georgetown.edu/), and they were grouped into functional categories 
using the ‘GO-MIPS funcat conversion table’ (http://www.geneontology.org/external2go/mips2go) 
set up at the Munich Information Center for Protein Sequences (MIPS Institute) (Moser et al. 2005). 
In some cases, where the GO term assigned to the protein appeared too broad, proteins were 
assigned to MIPS funcats (http://www.mips.gsf.de/projects/funcat) according to their role described 
in the literature. 
3.3.5 HPLC analysis of protein extracts 
Protein extracts (50 µL) of grape tissues, Sauvignon Blanc juice (50 µL), purified thaumatin-like 
proteins (TLPs) and chitinases (provided by the Australian Wine Research Institute) were injected for 
HPLC analysis according to the method described in Chapter 2. For protein extracts of grape tissues, 
the proteins peaks eluted at 9.3 min and 10.6 min were collected and labelled as fraction 1 (F1) and 
fraction 2 (F2), respectively. To determine which fraction containing TLPs, both F1 and F2 were 
further analysed by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). 
Relative quantification of TLPs and chitinases in protein extracts using HPLC was carried out by 
comparing the area of peaks containing TLPs and chitinases against the area of a known sample of 
thaumatin from Thaumatococcus daniellii (Sigma-Aldrich, New Zealand) as described in Chapter 2. 
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3.3.6 Protein composition analysis by SDS-PAGE 
The fractions F1 and F2 collected from 250 µL of protein extracts using HPLC were freeze-dried and 
re-dissolved in 30 µL of Tris-HCl buffer (pH 7.5). Aliquots of these protein concentrates (15 µL) were 
mixed with 5 µL of the NuPAGE LDS sample buffer (Novex, Life Technologies, US) and then denatured 
at 70°C for 10 minutes. The procedure for SDS-PAGE was conducted according to the method 
described in Chapter 2. 
3.4 Results and discussion 
3.4.1 Identification of PR proteins in grape berries 
Proteins were extracted using a method that was optimised for plant tissues which were rich of 
phenolics  (Vincent et al. 2006), and the protein extracts included both soluble and insoluble 
proteins. The extracted proteins from Sauvignon Blanc grape skin, pulp, and seed individually, were 
analysed by LC-MS and the identified proteins with annotation of specific grape tissues are shown in 
Table 3.1, excluding hypothetical proteins, uncharacterised proteins and unnamed proteins. Genome 
sequencing of Vitis vinifera in 2007 (Jaillon et al. 2007) has greatly enhanced the analysis of the 
proteome of Vitis vinifera. In this study, the protein extracts were digested by trypsin and then 
directly injected to LC-ESI-MS for protein identification, and over 100 proteins were identified in 
specific Sauvignon Blanc grape tissues by searching MS data against Vitis vinifera sequences in the 
Uniprot database. This direct injection method provides rapid identification of the major proteins 
extracted from grape tissues, but the disadvantage of this method is that the high intensity peaks can 
eclipse lower intensity peaks, so proteins with low concentration in protein mixture may be less 
easily encountered and identified in whole tissue proteomic studies. Among the identified proteins, 
there were 38 annotated proteins present in both grape skin and pulp, 15 annotated proteins 
present in both grape pulp and seed, and 11 annotated proteins present in both grape skin and seed. 
However, some of these identified proteins were exclusively present in specific grape tissues: 
proteins involved in photosynthesis such as chlorophyll a-b binding protein (gi|225447576) and 
photosystem II 44 kDa protein (gi|91983988), were only identified in grape skin; and proteins 
involved in fermentation such as alcohol dehydrogenase 7 (gi|7264742) and pyruvate decarboxylase 
(gi|10732644), were only identified in grape pulp. 
The functional distribution of identified proteins in specific grape tissues is shown in Figure 3.1. A 
high frequency of proteins extracted from Sauvignon Blanc grape tissues fell into the groups labelled 
as metabolism (41% for skin tissues, 29% for pulp tissues, and 38% for seed tissues), energy (24% for 
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skin tissues, 33% for pulp tissues, and 27% for seed tissues), protein fate (11% for skin tissues, 17% 
for pulp tissues and 11% for seed tissues) and protein synthesis (9% for skin tissues, 11% for pulp 
tissues and 4% for seed tissues). The high frequency of identified proteins involved in groups of 
metabolism and energy confirmed results of previous proteomic studies (Giribaldi et al. 2007, Sarry 
et al. 2004). In addition, proteins identified in grape seed were less diverse than those identified in 
grape skin and pulp. 
Two major soluble haze-forming PR proteins in white wine, Vitis vinifera thaumatin-like proteins 
(VVTL1) and chitinases (Pocock et al. 2000, Waters et al. 1996), were identified in both grape skin and 
pulp but not in the seed. The representative mass spectrometry analysis of a peptide from VVTL1 and 
chitinase are shown in Figure 3.2A and Figure 3.2B, respectively. These results were in agreement 
with previous studies in which the PR proteins were observed in grape skin and pulp of other grape 
cultivars (Colas et al. 2012, Deytieux et al. 2007, Monteiro et al. 2007). The observation of PR 
proteins in grape skin suggests that juice processing techniques which facilitate skin extraction may 
result in more PR proteins extracted from grape berries into juice, and therefore it may further affect 
the final protein concentration and bentonite requirement in wine. In this study, another PR protein, 
β-1,3- glucanase, was detected in Sauvignon Blanc grape skin. In a recent study, Wang et al (2009) 
also observed β-1,3- glucanase in the skin of Sangiovese and Trebbiano. These results suggest that 
skin extraction can contribute to protein composition in wine and the β-1,3- glucanases observed in 
wine are likely to be derived from grape skin. 
3.4.2 SDS-PAGE analysis of proteins seperated by HPLC 
In order to identify and quantify the PR proteins from the protein extracts of grape tissues using 
HPLC, the retention times of TLPs and chitinases from the protein extracts were compared with the 
retention times of purified TLPs and chitinases. For protein extracts from both grape skin and pulp, 
there were two contiguous peaks eluted at the retention time of 9.3 min (F1) and 10.6 min (F2), 
respectively, and there was a single peak eluted at retention time of 19.2 min (Figure 3.3A). As the 
purified TLPs and chitinases are eluted at 9.4 min and 19.2 min respectively, the proteins eluted at 
19.2 min were assigned to chitinases, and the proteins eluted at 9.3 min and 10.6 min were collected 
and further analysed to determine which peak contains the TLPs. The analysis of these two protein 
fractions by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) with the TLPs 
separated from Sauvignon Blanc juice, for comparison, is shown in Figure 3.3B. Although the 
molecular mass (MM) of TLPs determined by mass spectrometry was 21.3 kDa, the SDS-PAGE 
analysis result showed that the molecular weight of TLPs was about 18 kDa. In a previous study, Le 
Bourse et al. (2011) also observed that the molecular weight of TLPs determined on electrophoresis 
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gel was smaller than its theoretical value determined by mass spectrometer. The SDS-PAGE analysis 
showed that F1 contained majority of proteins with MW of 18 kDa which were presumably TLPs. 
Thus, the protein fraction eluted at 9.3 min was assigned to TLPs and the area of this peak was used 
to relatively quantify TLPs in protein extracts of grape tissues. In addition, the analysis of protein 
fraction 2 on SDS-PAGE showed that proteins with MW of 37 kDa were observed in protein extracts 
from both grape skin and pulp, and these proteins were presumably glucanases which were observed 
in wine by Sauvage et al. (2010). 
3.4.3 Relative quantification of PR proteins in grape skin and pulp 
As TLPs in protein extracts were eluted at 9.3 min based on the analysis of SDS-PAGE, the relative 
quantification of TLPs and chitinases was carried out by comparing the area of the peak eluted at 9.3 
min and 19.2 min against the area of thaumatin, respectively. Using this relative quantification 
method, the concentrations of TLPs and chitinases were determined in Sauvignon Blanc grape skin 
and pulp (Table 3.2). The results represented three measurements of TLPs and chitinases in specific 
grape tissues by HPLC and the concentration unit was converted from mg/L to µg/berry. Comparison 
of the concentrations between two grape tissues showed that Sauvignon Blanc grape pulp contained 
similar amount of TLPs and chitinases on a per berry basis (119.8 µg/berry and 108.1 µg/berry, 
respectively). The TLPs and chitinases determined in Sauvignon Blanc grape skin were much less than 
those in grape pulp, with concentrations at 28.8 µg/berry and 21.9 µg/berry, respectively. As the 
protein extraction method used in this study was optimized for phenolic-rich plant tissues (Vincent et 
al. 2006), the concentration of TLPs and chitinases determined here was much higher than that 
reported in a previous study (Pocock et al. 1998) in which the proteins were extracted by 
homogenizing the grape tissues in model grape juice. Furthermore, the observation of TLPs and 
chitinases in Sauvignon Blanc grape skin was also in agreement with that the higher concentration of 
PR proteins in juice obtained from mechanically harvested grapes with long distance transport was 
likely caused by greater extraction of PR proteins from grape skin (Pocock et al. 1998). However, due 
to the relatively low concentration of TLPs and chitinases in grape skin, the effect of skin extraction 
on enhancing the concentration of PR proteins in juice might be limited.  
3.5 Conclusion 
Protein profiling of New Zealand Sauvignon Blanc was carried out in this study to provide additional 
information on the distribution and composition of proteins in specific grape tissues. Two major 
soluble pathogenesis-related proteins in white wine, thaumatin-like proteins and chitinases, were 
identified in both Sauvignon Blanc grape skin and pulp, implying the potential of extraction of PR 
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proteins from grape skin during juicing process which may increase the total protein concentration in 
juice and thus require higher bentonite requirement for resultant wine stabilization. A comparative 
analysis of protein extracts and grape juice using HPLC and SDS-PAGE was reported here to suggest 
the relative quantification of thaumatin-like proteins in protein extracts of grape tissues by 
comparing the area of peak eluted at 9.3 min against the area of thaumatin. However, the absolute 
quantification of TLPs and chitinases in protein extracts requires further investigation. 
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Table 3.1 Identified proteins in Sauvignon Blanc grape berry using LC-MS/MS 
Identified proteins 
NCBI 
database 
accession 
MW 
[kDa] pI 
Grape tissues 
skin pulp seed 
01 Metabolism       
01.01 Amino acid metabolism       
5-methyltetrahydropteroyltriglutamate-
homocysteine methyltransferase 225439223 84.90 6.08 - - + 
serine hydroxymethyltransferase, 
mitochondrial 225429452 57.10 8.94 + - - 
serine hydroxymethyltransferase 1 225433510 51.90 7.80 - + - 
       
 01.05 C-compound and carbohydrate metabolism 
1,3 beta glucanase 6273716 13.40 6.11 + - - 
2,3-bisphosphoglycerate-independent 
phosphoglycerate mutase isoform 2 359480976 60.20 5.63 + - + 
5'-methylthioadenosine/S-
adenosylhomocysteine nucleosidase 1 isoform 
2 
359475059 28.30 4.59 + - - 
adenosylhomocysteinase-like isoform 1 225456806 53.00 5.71 + + - 
alpha-1,4 glucan phosphorylase L isozyme, 
chloroplastic/amyloplastic-like 359489019 111.30 5.05 + + - 
beta-glucosidase 42-like 359495874 55.20 5.09 + - - 
chitinase 5-like 225434076 43.40 6.51 + + - 
class IV endochitinase 2306811 27.20 5.31 + + - 
endochitinase-like 359497495 21.20 8.94 - - + 
isocitrate lyase-like 225447308 64.60 7.07 - - + 
phosphoglycerate kinase, chloroplastic 359494603 40.90 9.54 + - - 
phosphoglycerate kinase, cytosolic 225464999 42.40 6.31 + + - 
probable galactinol--sucrose 
galactosyltransferase 2 225441787 84.80 5.43 + + - 
Putative 2-3 biphosphoglycerate independant 
phosphoglycerate mutase 239056191 61.00 5.57 - + - 
pyrophosphate--fructose 6-phosphate 1-
phosphotransferase subunit alpha-like 225457674 67.30 8.78 + + - 
ribulose bisphosphate carboxylase/oxygenase 
activase 2, chloroplastic isoform 2 359478916 48.60 5.78 + - - 
sedoheptulose-1,7-bisphosphatase, 
chloroplastic 225466690 42.50 5.92 + - - 
sucrose synthase 2 225437428 92.40 5.69 - + + 
UDP-glucuronic acid decarboxylase 1 225449563 38.80 6.53 + + + 
UTP--glucose-1-phosphate uridylyltransferase 
isoform 2 359476943 50.20 6.41 + + - 
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01.06  lipid, fatty acid and isoprenoid metabolism 
9,10[9',10']carotenoid cleavage dioxygenase 61654494 61.10 6.04 + - - 
acyl-[acyl-carrier-protein] desaturase, 
chloroplastic-like 359496940 45.00 7.87 + - - 
annexin D1 225459318 35.20 7.82 + + - 
lipid transfer protein isoform 4 28194086 11.70 10.40 + - - 
lipoxygenase 268636245 101.60 6.06 + - - 
non-specific lipid-transfer protein 225439679 11.60 10.52 + - - 
non-specific lipid-transfer protein 2-like 359490972 9.70 9.18 + - - 
non-specific lipid-transfer protein A-like 225446753 11.90 9.96 - - + 
phospholipase D alpha 84620126 91.70 5.52 + + - 
probable acetyl-CoA acetyltransferase, 
cytosolic 2 225447510 41.10 6.00 + + + 
probable acetyl-CoA acetyltransferase, 
cytosolic 2-like 359497005 42.60 9.59 - + + 
       
01.07 metabolism of vitamins, cofactors, and prosthetic groups 
c-1-tetrahydrofolate synthase, cytoplasmic 359479954 32.70 7.12 + - - 
       
01.20 Secondary metabolism       
4-coumarate--CoA ligase-like 7 225436506 59.50 9.59 + - - 
chalcone--flavonone isomerase 2 225448801 25.10 5.13 - - + 
Polyphenol oxidase, chloroplastic 1172587 67.30 6.28 + - - 
       
02 Energy       
02.01 Glycolysis and gluconeogenesis       
enolase 225455555 48.10 6.16 - + - 
enolase 1 225441000 47.80 5.60 + + - 
glyceraldehyde-3-phosphate dehydrogenase A, 
chloroplastic-like 225451685 43.10 7.76 + - - 
glyceraldehyde-3-phosphate dehydrogenase B, 
chloroplastic isoform 2 225457604 47.20 7.84 + - - 
glyceraldehyde-3-phosphate dehydrogenase, 
cytosolic 359491599 36.70 8.72 + + + 
glyceraldehyde-3-phosphate dehydrogenase-
like 225425884 36.70 7.77 - + + 
protein disulfide-isomerase 225459587 55.60 4.79 - - + 
triosephosphate isomerase, cytosolic 225449541 27.10 6.42 + + - 
       
02.10 Tricarboxylic-acid pathway       
malate dehydrogenase, chloroplastic-like 225452831 43.70 9.06 + + + 
malate dehydrogenase, cytoplasmic 225438145 35.50 6.20 + + - 
malate dehydrogenase, mitochondrial 225443845 36.80 9.51 + + + 
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NADP-dependent malic enzyme 1708924 65.20 6.07 + + - 
       
02.11 Electron transport and membrane-associated energy conservation 
enoyl-[acyl-carrier-protein] reductase [NADH], 
chloroplastic-like 225441423 41.60 9.42 - - + 
       
02.16 Fermentation       
alcohol dehydrogenase 7  7264742 39.40 5.95 - + - 
pyruvate decarboxylase 1 10732644 62.20 6.10 - + - 
pyruvate decarboxylase isozyme 1 225443847 62.40 5.59 + + - 
       
02.30 photosynthesis       
chlorophyll a-b binding protein 151, 
chloroplastic 225447576 28.40 5.61 + - - 
chlorophyll a-b binding protein 40, 
chloroplastic isoform 1 225463428 27.90 4.97 + - - 
photosystem II 44 kDa protein 91983988 51.80 6.76 + - - 
       
02.45 energy conversion and regeneration       
ADP,ATP carrier protein 1, mitochondrial-like 225450149 42.00 10.18 + + - 
ATP synthase subunit beta, mitochondrial-like 225456079 59.10 5.86 + + - 
ATP synthase subunit O, mitochondrial isoform 
1 225450135 27.50 10.04 - + - 
ATPase subunit 1 224365668 55.10 5.97 + + - 
ATP-citrate synthase alpha chain protein 2 
isoform 1 225450474 46.40 5.22 + - - 
ATP-citrate synthase beta chain protein 2 225431960 65.90 7.10 - + + 
V-type proton ATPase subunit B 1-like 225459744 54.20 4.85 - + - 
       
11 Transcription       
11.02 RNA synthesis       
flavoprotein wrbA isoform 1 225461209 21.70 5.80 + - - 
       
12 Protein synthesis       
12.01 Ribosome biogenesis       
40S ribosomal protein S16 225428853 16.40 10.21 + - - 
40S ribosomal protein S23-like 225435203 15.60 11.02 + + - 
40S ribosomal protein S5 isoform 2 225441583 23.10 10.19 + - - 
60S ribosomal protein L35-like 225448819 14.30 11.39 - + - 
putative 40S ribosomal protein S5, partial  37780996 16.80 11.26 - + + 
       
12.04 translation       
elongation factor 1-alpha 225439902 49.30 9.76 + - - 
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elongation factor 1-alpha-like 225435233 49.30 9.76 - + - 
elongation factor 2-like isoform 1 225462164 93.90 5.74 + + - 
seryl-tRNA synthetase 225450981 51.10 6.27 + - - 
       
12.07 Translational control       
eukaryotic initiation factor 4A-2 225442221 46.90 5.34 - + - 
       
14 Protein fate (folding, modification, destination) 
14.01 protein folding and stabilization       
97 kDa heat shock protein-like 359482944 93.30 4.99 - + - 
heat shock cognate 70 kDa protein isoform 2 359486799 71.10 5.02 - + - 
heat shock cognate protein 80-like 359495606 80.00 4.84 + + - 
luminal-binding protein 5-like 359490716 73.40 4.90 + - - 
peptidyl-prolyl cis-trans isomerase CYP20-3, 
chloroplastic-like isoform 2 359480227 22.50 9.63 + + - 
peptidyl-prolyl cis-trans isomerase isoform 1 225457957 17.90 9.87 + + + 
       
14.07 protein modification       
aspartic proteinase 144228219 20.80 4.48 - + - 
aspartic proteinase nepenthesin-2 225455876 53.10 5.64 - - + 
dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit 2-like 359480291 75.30 5.62 - + - 
probable acetyl-CoA acetyltransferase, 
cytosolic 2-like 359497005 42.60 9.59 + - - 
       
14.10 Assembly of protein complexes       
coatomer subunit gamma-2-like 359475304 98.60 4.94 + + + 
ruBisCO large subunit-binding protein subunit 
beta, chloroplastic 225435794 64.60 5.71 + + - 
       
14.13 protein/peptide degradation       
probable mitochondrial-processing peptidase 
subunit beta 225452974 58.40 6.45 + - - 
       
16 Protein with binding function or cofactor requirement (structural or catalytic) 
16.07 metal binding       
aconitate hydratase, cytoplasmic 225447278 107.40 7.84 - - + 
aconitate hydratase 2, mitochondrial 225460961 110.00 6.71 + + - 
       
16.21 complex cofactor/cosubstrate/vitamine binding 
membrane steroid-binding protein 2 225470692 23.50 4.57 + - - 
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20 Cellular transport, transport facilitation and transport routes 
20.01 transported compounds (substrates)       
importin subunit alpha-1 225431871 58.10 5.18 - - + 
       
20.03 transport facilities       
ABC transporter C family member 8-like 359482526 164.10 9.04 + - - 
       
32 Cell rescue, defense and virulence 
32.01 Stress response       
catalase isozyme 1-like 359476986 56.90 6.77 + + - 
peroxidase 4  225434381 34.00 9.56 + - - 
       
32.05 disease, virulence and defense       
major allergen Pru ar 1 225431840 17.30 5.10 + - - 
       
34 Interaction with the environment       
34.11 cellular sensing and response to external stimulus 
temperature-induced lipocalin 77744883 21.50 6.63 + + + 
major allergen Pru av 1 225431844 17.10 5.96 + - - 
       
36 Systemic interaction with the environment       
36.20 Plant/fungal specific systemic sensing and response 
vicilin-like antimicrobial peptides 2-1-like 359479651 63.90 7.84 - - + 
Vitis Vinifera Thaumatin-Like (VVTL) Proteins 410563154 21.30 4.76 + + - 
       
40 cell fate       
cell division cycle protein 48 homolog 225436524 89.10 5.19 + + + 
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Table 3.2 Quantification of PR protein in Sauvignon Blanc grape skin and pulp (n=3) 
Tissue TLPs (µg/berry)* Chitinases (µg/berry)* 
skin 28.8 ± 1.7 21.9 ± 3.4 
pulp                   119.8 ± 6.2 108.1 ± 12.3 
* The concentrations of TLPs and chitinases per berry were calculated by multiplying the total 
volume of protein extracts by the concentrations (mg/L) determined using HPLC, and expressed as 
thaumatin equivalent. 
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Figure 3.1 Functional distribution of the identified proteins in Sauvignon Blanc grape skin, pulp and 
seed. 
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Figure 3.2 MS/MS spectrum of 711.23 m/z (A) and 821.63 m/z (B), which identified the peptide 
unique to VVTL1 and chitinases from Vitis vinifera, respectively. 
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Figure 3.3 Comparison of chromatograms of protein extracts and juice from HPLC (A), and SDS-
PAGE analysis of protein fractions separated from total protein extracts of grape tissues by HPLC 
(B): M, protein molecular weight marker; SK-F1, fraction 1 of skin protein extracts eluted at 9.3 
min; SK-F2, fraction 2 of skin protein extracts eluted at 10.6 min; PU-F1, fraction 1 of pulp protein 
extracts eluted at 9.3 min; PU-F2, fraction 2 of pulp protein extracts eluted at 10.6 min; J-F1, 
thaumatin-like proteins collected from Sauvignon Blanc juice. 
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4.1 Abstract 
Grape proteins, particularly pathogenesis-related (PR) proteins, are responsible for white wine haze 
formation. Their concentrations in juice and ultimately in wine may be modulated by interactions 
with phenolics during extraction. This study investigated changes in the concentrations of proteins 
and phenolics in different tissues of Sauvignon Blanc grape berries during ripening. During grape 
ripening, the phenolic content on a per berry basis increased in grape skin and pulp, but the phenolic 
concentration on a per kg of berry basis showed a decreasing trend in grape skin, suggesting the 
accumulation effect of phenolics in skin is less than the dilution effect caused by berry growth. 
Tannin was only detected in grape skin but not in the pulp and the changes in tannin content were 
similar to total phenolics. Accumulation of proteins along with the increase of °Brix during ripening 
was observed in both grape skin and pulp. PR proteins were synthesized and accumulated in both 
skin and pulp from véraison until harvest. The concentration of PR proteins showed a positive 
correlation with the concentration of total proteins.   
Key words: phenolics, proteins, PR proteins, ripening, Sauvignon Blanc, tannin 
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To avoid repetition of the literature review, the introduction section for this chapter has been 
replaced by a shorter objectives section. A fuller introduction will be included in the submitted paper. 
4.2 Objectives 
Pathogenesis-related proteins have been identified present in both grape skin and pulp, suggesting 
that a portion of PR proteins in juice and wine may come from the skin extraction during wine 
making. Abundant phenolics and tannins in grape skin may also influence the concentration of 
proteins in juice during this extraction process. Therefore, the objectives of this study was to 
investigate the protein and phenolic components in different grape tissues and their changes in 
grape berries and juice during grape ripening. 
4.3 Material and methods 
4.3.1 Sauvignon Blanc grapes and juice 
Grapes were collected from grapevines of Sauvignon Blanc, clone MS1, which had been grown with a 
Scott Henry trellis. They were collected weekly for 11 consecutive weeks from pre-véraison until 
harvest in 2012 in a commercial vineyard of Pegasus Bay in Waipara, New Zealand. Grape bunches 
were collected randomly from nine grapevines: three consecutive vines in each bay (designated as 
one group), with the three groups being six bays apart within the same row. Bunch selection for each 
sampling was determined on the basis of random numbers, assigned to clusters, canes and 
grapevines, which were generated using the Excel 2010, Windows 7, Microsoft, USA. This allowed for 
collection of 1-2 clusters of grape berries from each of six canes (10-12 bunches) on each of nine 
grapevines. From the collected bunches, 60 berries were taken from all positions of the clusters and 
these were randomly allocated to three groups of 20 berries to determine mean berry weight in 
triplicate, and these three 20 berry groups were subsequently used to provide juice for determining 
°Brix using a refractometer (Measumax, Australia), pH using a pH meter (Suntex SP-701, Taiwan), and 
the concentration of PR proteins, respectively. The remainder of the bunches was stored at -20°C for 
further analysis. 
4.3.2 Extraction of grape components 
Phenolics: Berries were removed from some of the frozen bunches, from all positions of the clusters. 
The grape skin was collected by hand-peeling 20 frozen grape berries and the pulp was accordingly 
obtained by removing the seeds. The total quantity of skin and pulp were ground and used to 
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provide three replicate samples for analysis. Approximately 0.5 g of skin and 1 g of pulp were used 
for phenolics extraction according to the method described in Chapter 2. 
Proteins: Twenty berries were selected as above and the total quantity of skin and pulp were ground 
and used to provide three replicate samples for analysis. Approximately 2 g of skin and 2 g of pulp 
were used for protein extraction according to the method described in Chapter 2. 
4.3.3 Quantification methods 
Total phenolics: The concentration of total phenolics was determined using micro-scale protocol for 
Folin-Ciocalteau colorimetric reaction method as described in Chapter 2. 
Tannin: Tannin was determined using the 1 mL assay of methylcellulose precipitation (MCP) method 
as described in Chapter 2.  
Total proteins: Total protein concentration was determined using the EZQ protein quantification kit 
(Invitrogen, New Zealand) following the manufacturer’s instructions. The detailed procedures were 
described in Chapter 2. 
4.3.4 Analysis of PR proteins by HPLC 
Protein extracts (50 µL) or grape juice (50 µL) were injected for PR protein analysis using HPLC. The 
HPLC running conditions and the quantification of PR proteins were described in Chapter 2.  
4.4 Results and discussion 
4.4.1 Sauvignon Blanc berry development 
Harvesting of Sauvignon Blanc grapes in the Waipara region was in May, one month later than 
normal because 2012 was one of the coldest summers in the past ten years and grape ripening took 
a much longer time than usual. Most of the grape berries were hard and green on the first sampling 
date and were beginning to soften and turn translucent on the second sampling date. Berry weight, 
°Brix and pH of Sauvignon Blanc grapes during ripening are shown in Figure 4.1. There was a steady 
increase in berry weight and °Brix during ripening as expected. The pH of juice obtained from grapes 
also showed a general increase during ripening. At final harvest, the mean °Brix and pH of grapes 
used in this study were 22.4 and 3.05, respectively. 
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4.4.2 Changes in total phenolics in grape berries during ripening 
In grape skin, mean total phenolic content per berry was initially high when the berries were hard 
and green, and after softening began it ranged from 1699 to 3403 µg/berry during ripening. There 
was a major increase in total phenolic content in the last two weeks prior to harvest, with the 
maximum reached at harvest (Figure 4.2a). The general increase of total phenolic content during 
grape maturation suggests that phenolic compounds were actively synthesised and accumulated in 
grape skin in a manner similar to sugars and other grape components. However, on a per kg of berry 
basis, the total phenolic content showed an increase in the first week of sampling period, and then it 
gradually decreased towards harvest, with a range from 2669 to 1102 mg/kg of berry. This 
observation is in agreement with an early study by Singleton (1966) who noted that the 
concentration of total phenolics on a per kg of berry basis in Sauvignon Blanc grown in California 
increased at the early stage of ripening and then decreased continuously to a lowest concentration at 
harvest. This pattern of increase and decrease in flavan-3-ols and flavonols during ripening has also 
been observed recently by Hellin et al. (2010) in berries of Vitis vinifera cv. ‘Superior Seedless’. In this 
study, the decrease in concentration of total phenolics on a per kg basis would be most likely due to 
the dilution effect caused by increasing berry weight during ripening. 
In the pulp, the total phenolic content per berry ranged from 70 to 246 µg/berry during ripening. The 
changes in total phenolic content showed a trend of increase at first and then decrease after the 
fourth sampling date, followed by a consistent increase towards harvest (Figure 4.2b). The 
concentration of total phenolics per kg of berry determined in grape pulp was in the range 42 to 199 
mg/kg of berry during sampling, showing a similar trend as total phenolic content per berry. In grape 
pulp, the changes in phenolic content displayed a very different pattern from grape skin, suggesting 
that differences in quantity of total phenolics may be related to differences in types of phenolics 
present in specific tissues. In Sauvignon Blanc grape skin, flavanols have been reported as the major 
phenolics with some flavonols and hydroxycinnamates (Rodríguez Montealegre et al. 2006), while in 
grape pulp the dominant phenolics are hydroxycinnamates and their derivatives which are 
acknowledged as the most abundant class of phenolics in white juices and wines (Somers and 
Ziemelis 1985, Vèrette et al. 1988). An earlier study conducted by de Simón et al. (1992) reported 
that the hydroxycinnamates in grape juice followed declining trends, with substantial decreases in 
concentration during the first stage of ripening, after which the decline continued at a slower rate, 
levelling off at a minimum, with few variations during the second stage. Romeyer et al. (1983) also 
described changes that occurred in the hydroxycinnamates during berry development and ripening; 
on a per berry basis total hydroxycinnamates showed a peak prior to véraison, and then declined to a 
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constant amount as the fruit ripened. This pattern of accumulation and decline for 
hydroxycinnamates is typical of several phenolic classes. However, in this study, the phenolics in 
grape pulp followed this pattern for the first six weeks, but an evident increase occurred in the last 
five weeks before harvest. The different pattern of phenolic development in Sauvignon Blanc grape 
pulp might be caused by varietal differences. In addition, the grape phenolics may also be 
significantly affected by growing conditions related to soil composition, irrigation, temperature, light 
intensity, etc. As mentioned above, the vintage of 2012 had been through a very cold summer which 
might have greatly influenced the synthesis of phenolic compounds in Sauvignon Blanc grapes. The 
phenolics that disappeared on a per berry basis from 15th March to 29th March may have been 
utilized in the biosynthesis of other phenolic classes, however total phenolics showed an increase in 
the following few weeks. 
4.4.3 Development of tannin in grape skin during ripening 
Tannin was only observed in Sauvignon Blanc grape skin but not in the pulp. Tannin content on a per 
berry basis changed during ripening and was in the range from 1427 to 2863 µg/berry (Figure 4.3). It 
did not show a consistent trend until the two weeks before harvest, during which tannin content 
showed an evident increase. Tannin concentration on per kg of berry basis was determined to be in 
the range from 938 to 2394 mg/kg of berry. In contrast to tannin per berry, it increased in the first 
week of sampling and then gradually decreased towards harvest in proportion to the increasing berry 
weight. This pattern of increase and then decrease of tannin was also observed by Bogs et al. (2005) 
in the red grape variety Shiraz which showed a continuous accumulation in grape skin and seed from 
fruit set until véraison. They demonstrated that condensed tannin levels then decreased in both skin 
and seed. The decreasing concentration of tannin during grape maturation is unlikely to be only 
because of the degradation of tannins themselves. It is more likely to be in part due to the increasing 
berry weight, with consequent dilution of tannins synthesised before véraison. It is also possibly 
associated with a lower extraction yield for tannins with a high degree of polymerization (mDP) 
(Fournand et al. 2006). Kennedy et al. (2001) showed that the mDP of Shiraz skin tannin increased 
from 7.3 to 27 during ripening. In addition, the decrease of extractable tannin during grape 
maturation may be a reflection of interactions between the grape cell walls and condensed tannins, 
as grape cell walls change during berry development which may increase their tannin-binding 
capacity, while tannin structure may also influence its affinity for cell wall material (Hanlin et al. 
2010). 
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4.4.4 Total proteins in the skin and pulp during ripening 
The protein content of grapes is not high compared to some other fruit and it is difficult to extract 
proteins efficiently from grape berries at the different stages of berry development due to the high 
concentration of sugar and polyphenols. The phenol-based protein extraction method used in this 
study has been verified as the optimal solution for grape clusters, which showed the largest protein 
yields and greatest spot resolution on 2-D gels (Vincent et al. 2006). By using this extraction method, 
over 100 proteins were extracted from Sauvignon Blanc grape skin and pulp and identified in our 
previous study by LC-MS/MS (Chapter 3).  
The protein content determined during ripening in grape skin and pulp was in the range 37 to 135 
µg/berry and 129 to 726 µg/berry, respectively. A tendency for increasing protein content during 
ripening was observed in both grape skin and pulp (Figure 4.4). Serrano-Megías et al. (2006) also 
reported a considerable increase in the total protein content during ripening of Napoleon and 
Dominga grapes. A recent study by López-Miranda et al. (2011) described the evolution of proteins in 
Crimson Seedless grapes during ripening over three years; they showed that total protein content 
increased constantly from the beginning of ripening to grape harvest. In the current study, 
correlations identified relationships between °Brix and total protein content during grape ripening 
(Figure 4.5). Total protein content, particularly in the pulp, showed a positive correlation with °Brix, 
suggesting that the synthesis of proteins in Sauvignon Blanc grape berries is associated with the rapid 
accumulation of sugars. Similarly, a positive correlation between the concentration of soluble 
proteins and the percentage of soluble solids was also reported in the white grape varieties of 
Riesling and Gewürztraminer (Murphey et al. 1989) and in the red grape variety Shiraz (Pocock et al. 
2000). 
The protein concentrations on per kg of berry basis in grape skin and pulp ranged from 41.1 to 67.8 
mg/kg of berry and from 151 to 355 mg/kg of berry, respectively. There was no clear change in 
protein concentration on per kg of berry basis in grape skin, but in the pulp the protein concentration 
increased during ripening. This result suggested that the accumulation effect on proteins in skin was 
neutralized by the dilution effect caused by berry growth. In grape pulp however, protein 
accumulation was greater than this dilution effect. Therefore, the variations of protein concentration 
in juice yielded from these grapes would be largely determined by the protein concentration in pulp. 
It means that the later the grapes are harvested, a higher protein concentration would be expected 
in the pulp, which will consequently result in greater protein concentration in juice. 
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4.4.5 PR proteins in grape berries and juice during ripening 
Quantification of PR proteins in the extracts from grape tissues was carried out according to the 
method described in Chapter 3 in which the concentrations of TLPs and chitinases were calculated by 
comparing the area of the peaks eluted at 9.3 min (TLPs) and 19.2 min (chitinases) against the area of 
the peak of thaumatin (Sigma-Aldrich, New Zealand), a protein standard eluting at 9.1 min under our 
experimental conditions. A calibration curve was constructed over a concentration range of 0-300 
mg/L of the thaumatin. 
The concentration of TLPs determined during ripening in grape skin and pulp was in the range 0 to 
27.3 mg/kg of berry and 6.7 to 68.1 mg/kg of berry, respectively. The concentrations of chitinases in 
grape skin and pulp were in ranges from 4.6 to 12.7 mg/kg of berry and from 13.4 to 34.5 mg/kg of 
berry, respectively. Both grape skin and pulp showed consistent increases of TLPs and chitinases 
during ripening (Figure 4.6). This observation was in agreement with previous studies (Tattersall et al. 
2001, Tattersall et al. 1997). The TLPs and chitinases have been identified as the two most prominent 
soluble proteins accumulated in grapes during ripening (Robinson and Davies 2000). Analysis of 
genes encoding PR proteins showed that they are induced at high levels during ripening (Robinson et 
al. 1997, Tattersall et al. 1997). Proteomic analysis of Cabernet Sauvignon grape skin during ripening 
also showed that the dominant proteins at harvest are those involved in defence mechanisms, and 
the “abundance” of different chitinases and β-1,3-glucanase isoforms are increased as the berry 
ripens (Deytieux et al. 2007). However, Monteiro et al. (2007) reported that the total concentration 
of pathogenesis-related (PR) proteins increased but their diversity reduced from early stages of berry 
development until maturity.  
The accumulation of PR proteins is often related to development of fungal diseases in grapes 
(Marchal et al. 1998, Monteiro et al. 2007, Renault et al. 1996). However, since PR proteins were 
detected in healthy Sauvignon Blanc grapes during ripening by Tattersall et al. (1997), they suggested 
that these proteins may play some other role in grape berry development besides preventing 
pathogen attack. During grape berry development, the increase in TLPs in berry skin was particularly 
evident in the last two weeks before harvest. This is possibly because more PR proteins were 
synthesized to protect the plant from the potential fungal attack when the berries become riper and 
thus more susceptible to rotting fungi. Correlations between PR proteins and total proteins in grape 
skin and pulp showed that the concentration of PR proteins had a positive correlation with the 
concentration of total proteins either in skin or pulp (Figure 4.7).  
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The changes in thaumatin-like proteins and chitinases in Sauvignon Blanc juice during grape ripening 
are shown in Figure 4.8. The trend of increasing TLPs and chitinases in grape skin and pulp during 
ripening was also shown in the resultant juice samples. For the first two sampling weeks, there were 
no TLPs and chitinases detected in juice, which is likely due to the low concentration of PR proteins in 
grape berries. From the third week of sampling the concentration of TLPs and chitinases gradually 
increased from 18.1 mg/L to 68.4 mg/L and from 14.5 mg/L 65.1 mg/L, respectively.   
4.5 Conclusion 
Protein and phenolic components were investigated separately in Sauvignon Blanc grape skin and 
pulp during berry ripening in this study. Total phenolics and tannin were increased in skin during 
ripening, but the concentrations of total phenolics and tannin per kg of berry weight showed a 
declining trend during ripening as a result of the dilution effect caused by berry growth. Proteins 
gradually increased in both grape skin and pulp along with the increase of grape soluble solids (°Brix). 
The observation of increasing PR proteins in grape tissues and juice during ripening is in agreement 
with previous studies. This also suggests that determination of the peak eluted at 9.3 min using HPLC 
has a reference value to quantify PR proteins in protein extracts from grape tissues. The study 
represented here could provide ways for viticulturists and oenologists wishing to gain further 
information on the optimal ripeness of grapes and to manage the extraction of grape components 
into juice. The abundance of phenolic components observed in ripe Sauvignon Blanc grape skin 
implies potential benefits of extracting them into juice by processing methods like maceration. 
However, the haze-forming PR proteins in grape skin may be also co-extracted by longer skin contact, 
which may result in higher concentration of PR proteins in juice and possibly greater bentonite 
requirement in the resulting wine. Further study of the influence of harvesting and grape processing 
on the resultant juice composition and wine protein stability will help winemakers better understand 
how these practical techniques influence the extraction of proteins from grapes to juice and the 
bentonite requirement in resultant wine.  
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Figure 4.1 Changes in °Brix, berry weight and pH of Sauvignon Blanc berries during ripening, error 
bars represent the standard deviations of the mean (n=3)  
49 
 
Changes in Sauvignon Blanc Grape Skin and Pulp During Ripening 
 
 
Figure 4.2 Changes in total phenolics in Sauvignon Blanc grape skin (a) and pulp (b) during ripening, 
error bars represent the standard deviations of the mean (n=3)  
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Figure 4.3 Changes in tannin in Sauvignon Blanc grape skin during ripening, error bars represent 
the standard deviations of the mean (n=3) 
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Figure 4.4 Changes in total proteins in Sauvignon Blanc grape skin (a) and pulp (b) during ripening, 
error bars represent the standard deviations of the mean (n=3)  
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Figure 4.5 Correlation between °Brix and total proteins in Sauvignon Blanc skin (a) and pulp (b) 
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Figure 4.6 Changes in PR proteins in Sauvignon Blanc grape skin (a) and pulp (b) during ripening 
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Figure 4.7 Correlation between total proteins and PR proteins in Sauvignon Blanc skin (a) and pulp 
(b) 
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Figure 4.8 Changes in PR proteins in Sauvignon Blanc juice collected during grape ripening, error 
bars represent the standard deviations of the mean (n=3) 
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5.1 Abstract 
Background and Aims: UV radiation and powdery mildew infection have been reported to increase 
the concentrations of phenolics and proteins, respectively, in grape berries. The aim of this study was 
to investigate compositional changes in New Zealand Sauvignon Blanc grapes in response to UV 
exclusion and powdery mildew infection, and any consequential influence on the extraction of haze-
forming pathogenesis-related (PR) proteins in juice which may influence bentonite requirement for 
wines. 
Methods and Results: UV exclusion and powdery mildew infection treatments were applied to 
potted grapevines grown in a glasshouse. For all treatments, grape skin, grape pulp and extracted 
juice were analysed for changes in concentrations of total phenolics, tannin, total proteins and PR 
proteins.  Lower concentrations of total phenolics, tannin, total proteins and PR proteins were 
measured in grape skin from the UV exclusion treatment, but no difference in PR proteins was 
determined in the pulp. Powdery mildew infection of grape berries resulted in a significant increase 
in PR proteins in grape skin and pulp but had no impact on tannin in skin. The lower concentration of 
PR proteins in juice from the control treatment of the UV exclusion experiment suggested a loss of 
PR protein during extraction, possibly due to interactions between phenolics/tannin and proteins. 
The significantly higher concentration of PR proteins in grapes from the high powdery mildew 
infection treatment was reflected in the resultant juice. In addition, the lower concentration of 
tannin in juice from this treatment suggested loss of tannin by interaction with proteins during the 
extraction. 
Conclusions: UV exclusion and powdery mildew infection have significant impacts on Sauvignon 
Blanc grape berry composition. The concentration of PR proteins in resultant juice is predominantly 
determined by the concentration of PR proteins in grape pulp, but the concentration of PR proteins 
in the skin and interactions with phenolics/tannin during juice extraction may modulate the final 
concentration of PR proteins in juice. 
Significance: PR proteins are the main cause of haze formation in finished white wine. The findings 
presented here contribute to improved understanding of the variable levels of PR proteins in juice 
and resultant wine, and hence variations in bentonite requirement. 
Keywords: extraction, pathogenesis-related (PR) proteins, phenolics, powdery mildew, Sauvignon 
Blanc, tannin, UV exclusion 
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To avoid repetition of the literature review, the introduction section for this chapter has been 
replaced by a shorter objectives section. A fuller introduction will be included in the submitted paper. 
5.2 Objectives 
The objective of this study was to assess the responses of Vitis vinifera L. cv. Sauvignon Blanc to 
different environmental stresses (UV exclusion and powdery mildew infection) in order to evaluate 
their influences on grape berry composition on consequent extraction of PR proteins into juice, 
which is associated with protein instability in wine.   
5.3 Materials and methods 
5.3.1 Cultivation of Sauvignon Blanc in the nursery 
Sauvignon blanc grapes were cultivated in a greenhouse according to the method previously 
described by Mullins and Rajasekaran (1981). The demethylation inhibitor (ALTO 100SL, Syngenta 
Crop Protection, New Zealand) was applied at flowering stage and sulphur (Super Six, Etec Crop 
Solutions, New Zealand) was sprayed every two weeks, until the green berries had grown to pea-size 
(5-6 mm in diameter), to prevent development of powdery mildew and blister mite damage. Both 
products were applied at the rates recommended for grapevines 
For the UV exclusion experiment, the plants were then transferred into two types of specially 
designed frames (Figure 5.1a). The frames used for the control treatment were covered by an acrylic 
plastic material (Dotmar Universal Plastic, New Zealand) which was transparent to visible and UV 
radiation, and the frames used for UV exclusion treatment were covered by transparent 
polycarbonate plastic materials (Dotmar Universal Plastic, New Zealand) which was transparent to 
visible radiation but completely opaque to UV-A and UV-B (280nm ~ 400nm) radiation. The 
wavelengths of light transmitted by the two types of plastic materials were measured using 
spectrophotometer (T60 U, PG Instrument Ltd, UK) (Figure 5.1b). The design of these frames allowed 
air to circulate from the top to the bottom, which avoided heat accumulation inside the frames. The 
frames were randomly allocated to positions in an open area so that there was no shading around 
the plants during daytime. During the growing season, several berries were selected weekly from 
randomly selected vines and frames to determine berry weight, °Brix and pH using a balance, 
refractometer (Measumax, Australia) and pH meter (Suntex SP-701, Taiwan), respectively. When the 
berries were about 20°Brix, all bunches were harvested. From the total 24 bunches, samples were 
randomly allocated to each assessment. Grape juice for analysis was obtained by hand squeezing 30 
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berries in a plastic bag, filtering through cheese cloth and centrifugation (Eppendorf 5810R, 
Germany) at 2000 g for 20 minutes. 
For the powdery mildew experiment, the 80 plants were divided into two groups when the berries 
were pea-size, control and mildew-infected. Inoculation was carried out by shaking fresh, powdery 
mildew infected grape leaves (collected from Lincoln University research vineyard) over the clusters 
of berries, on two occasions a week apart. After each episode of spore deposition, the plants were 
covered with plastic bags to maintain high relative humidity for 24 hours. The plants were then 
maintained in the greenhouse for the duration of the experiment. Berries were monitored for 
ripeness as described above and all berries were harvested when sampling indicated 20 °Brix had 
been reached. Berries with 1-2 mm of pedicel attached were removed, and all were then classified 
into three groups (control, low-infection and high-infection) according to the area of characteristic 
scarring on the surfaces of the berries. For the control, there were no lesions or scars on the skins of 
berries; for the low-infection treatment, the scars were distributed sporadically on grape skin; and 
for the high-infection treatment, the scar formed a clumpy net on the berry surface. 
At harvest, the berry weight, °Brix and pH were determined from 10 fresh berries for each, and the 
remainder of berries were frozen at -20°C for further compositional analysis as described below. 
Grape juice for analysis was obtained as described above. 
5.3.2 Extraction of grape components 
Phenolics: the grape skin was collected by hand-peeling 20 frozen grape berries and the pulp was 
accordingly obtained by removing the seeds. The extraction of phenolic compounds from grape skin 
and pulp was carried out according to the method described in Chapter 2. 
Proteins: approximately 2 g of skin and 2 g of pulp were used for protein extraction according to the 
method described in Chapter 2. 
5.3.3 Quantification methods 
Total phenolics: the concentration of total phenolics was determined using a micro-scale protocol for 
Folin-Ciocalteau colorimetric reaction method as described in Chapter 2. 
Tannin: total tannin was determined using the 1 mL assay of the methylcellulose precipitation (MCP) 
method as described in Chapter 2.  
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Total proteins: total protein concentration was determined using the EZQ protein quantification kit 
(Invitrogen, New Zealand) following the manufacturer’s instructions. The detailed procedures were 
described in Chapter 2. 
5.3.4 Analysis of PR proteins by HPLC 
Samples (50 µL) were injected for PR protein analysis using HPLC. The HPLC running conditions were 
described in Chapter 2.  
5.3.5 Statstical analysis 
Data represent the means ± SD of three replicates. Data obtained from UV exclusion and powdery 
mildew infection treatments were analysed by analysis of variance (ANOVA). Least significant 
difference (LSD, 5% level) was used to separate means when a significant P-value was obtained. 
5.4 Results 
5.4.1 Berry weight and total soluble solids of grape berries 
Changes in the berry weight and total soluble solids (°Brix) of berries in the UV exclusion experiment 
showed that both the berry weight and °Brix progressively increased during ripening (figure 5.2). At 
harvest, the average berry weight for grapes from UV exclusion treatment was lower than that from 
control treatment (P < 0.05), but there was no significant difference observed for °Brix. Greater areas 
of sunburn were observed on grape berries from the control treatment compared to fruits collected 
from UV exclusion treatment (Figure 5.3).  
In the powdery mildew infection experiment, the grape berries were classified into three groups 
(control, low-scarring and high-scarring) according to the area of characteristic scarring on the 
surfaces of the berries (Figure 5.4). The berry weight for grapes at harvest was affected by powdery 
mildew infection with average weights being 1.88 g/berry for the control treatment which was 
greater than the average berry weight of 1.63 g/berry and 1.57 g/berry in low-scarred and high-
scarred berries respectively. However, there was no effect of the powdery mildew treatment on the 
°Brix at harvest. 
5.4.2 Berry composition of Sauvignon Blanc grapes from UV radiation experiment 
The UV exclusion treatment had a significant effect on the concentration of total phenolics (P < 
0.001) and tannin (P < 0.01). The average concentrations of total phenolics in grape skin were 1337 
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mg/kg of berry and 963 mg/kg of berry in control and UV exclusion treatments, respectively (Table 
5.1). The concentrations of skin tannin were 949 mg/kg of berry and 750 mg/kg of berry in control 
and UV exclusion treatments, respectively. There was no effect (P > 0.05) of the UV exclusion 
treatment on total protein concentration in grape skin, being 116 mg/kg of berry and 124 mg/kg of 
berry in control and UV exclusion treatment, respectively. However, the UV treatment affected the 
concentration of TLPs (P < 0.01) and chitinases (P < 0.01). The concentration of TLPs (24 mg/kg of 
berry) and chitinases (34 mg/kg of berry) in grape skin from the UV exclusion treatment were lower 
than the concentrations of TLPs (33 mg/kg of berry) and chitinases (49 mg/kg of berry) in grape skin 
from the control treatment. 
The concentration of total phenolics in the pulp was affected by UV exclusion treatment (P < 0.001), 
with 252 mg/kg of berry and 146 mg/kg of berry in control and UV exclusion treatment, respectively. 
No tannin was detected in grape pulp. The UV exclusion treatment affected the concentration of 
total protein in the pulp (P < 0.001), being 551 mg/kg of berry in UV exclusion treatment, which was 
greater than the concentration of total proteins in grape pulp (374 mg/kg of berry) in control 
treatment. However, there were no significant effects of the UV exclusion treatment (P > 0.05) for 
TLPs and chitinases in the pulp. The concentrations of TLPs and chitinases in pulp were 53 mg/kg of 
berry and 76 mg/kg of berry, respectively, in the control treatment, and 59 mg/kg of berry and 67 
mg/kg of berry, respectively, in the UV exclusion treatment. 
5.4.3 Berry composition of Sauvignon Blanc grapes from powdery mildew infection 
experiment 
The powdery mildew treatment had significant effects on concentrations of total phenolics (P < 
0.05), total proteins (P < 0.01), TLPs (P < 0.01) and chitinases (P < 0.05) in grape skin, but not tannin 
(P > 0.05) in the berry skin. The berries with high scarring had the lowest (P < 0.05) concentrations of 
total phenolics (753 mg/kg of berry), but the highest (P < 0.05) concentrations of total proteins (176 
mg/kg of berry), TLPs (43 mg/kg of berry) and chitinases (57 mg/kg of berry). In contrast, the control 
treatment had the highest (P < 0.05) concentration of total phenolics (817 mg/kg of berry) and 
lowest concentration of total proteins (P < 0.05; 123 mg/kg of berry), TLPs (27 mg/kg of berry) and 
chitinases (39 mg/kg of berry) (Table 5.2). The concentrations of tannin in skin were in the range 
from 683 mg/kg of berry to 716 mg/kg of berry over the three treatments. 
In grape pulp, significant effects of the powdery mildew treatment were observed for total phenolics 
(P < 0.05), total proteins (P < 0.05) and TLPs (P < 0.05), but not for chitinases (P > 0.05). No tannin 
was detected in grape pulp. The greatest concentrations of total phenolics (134 mg/kg of berry), total 
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proteins (654 mg/kg of berry) and TLPs (60 mg/kg of berry) were detected in the highly scarred 
berries. Lowest concentrations of total phenolics (96 mg/kg of berry), total proteins (579 mg/kg of 
berry) and TLPs (53 mg/kg of berry) were detected in the control treatment. The range of 
concentrations of chitinases in grape pulp was from 72.4 mg/kg of berry to 84 mg/kg of berry over 
the three treatments (Table 5.2). 
5.4.4 Phenolic and protein content in juices from UV radiation experiment 
There were significant effects in the UV radiation experiment on juice concentration for total 
phenolics (P < 0.001), tannin (P < 0.01), total proteins (P < 0.05) and TLPs (P < 0.001), but not for 
chitinases (P > 0.05). The juice obtained from the UV exclusion treatment had lower concentrations 
of total phenolics (272 mg/L) and tannin (41.5 mg/L), but higher concentrations of total proteins (139 
mg/L) and TLPs (33.5 mg/L). Accordingly, the juice from the control treatment had higher 
concentrations of total phenolics (332 mg/L) and tannin (178 mg/L), and lower concentrations of 
total proteins (119 mg/L) and TLPs (31.1 mg/L). The concentration of chitinases in juice was 43.4 
mg/L and 42.9 mg/L in control and UV exclusion treatment, respectively (Table 5.3). 
5.4.5 Phenolic and protein content in juices from powdery mildew infection 
experiment 
The analysis of juice composition from powdery mildew infection experiment showed that 
treatments had a significant effect on concentrations of total phenolics (P < 0.001), tannin (P < 0.01), 
total proteins (P < 0.01), TLPs (P < 0.001) and chitinases (P < 0.001) (Table 5.4). The average 
concentrations of total phenolics in juice were 194 mg/L, 179 mg/L and 252 mg/L in the control, the 
low-scarred and the high-scarred berries, respectively. The average concentrations of tannin in juice 
were 123 mg/L, 157 mg/L and 67.7 mg/L in the control, low scarred and high scarred berries, 
respectively. The concentrations of total proteins in juice were 141 mg/L, 206 mg/L and 211 mg/L in 
the control, low scarred and high scarred berries, respectively. The concentrations of TLPs in juice 
were 34.6 mg/L, 43.1 mg/L and 44.2 mg/L in the control, low scarred and high scarred berries, 
respectively. The concentrations of chitinases in juice were 41.9 mg/L, 57.0 mg/L and 50.1 mg/L in 
the control, low scarred and high scarred berries, respectively. 
5.5 Discussion 
This study has shown clear changes to the composition of Sauvignon Blanc grape berries and the 
resultant juice in response to UV exclusion and powdery mildew infection. The method used in this 
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study to evaluate the effect of UV radiation was to reduce solar UV light because it is more 
appropriate to use natural UV light compared to the alternative experimental approach of enhancing 
UV radiation using lamps which in turn might alter the biologically effective radiation (Rousseaux et 
al. 2004). The UV exclusion significantly decreased the concentrations of total phenolics and tannin in 
skin, and as well as the total phenolics in pulp. This is in agreement with previous reports (Hofmann 
et al. 2000, Keller and Torres-Martinez 2004, Lafontaine et al. 2005, Markham et al. 1998, Ryan et al. 
1998, Tattini et al. 2004), which have shown changes in phenolic content in response to UV radiation 
in a wide range of host species. For protein content, no difference in total protein concentration in 
skin was observed between treatments, but a higher concentration in pulp was observed in the UV 
exclusion treatment. These results support the findings of Schultz et al. (1998) who used screens to 
compare effects of ambient or reduced UV-B on potted vines. The authors found that the total amino 
acid concentration in Riesling must at harvest was significantly lower for the ambient UV-B levels as 
compared to the low UV-B treatment. The likely explanation given by the authors was a UV-B had 
direct damaging effect on key enzymes of nitrogen metabolism. In contrast, Gregan et al. (2012) did 
not observe any significant differences in amino acid composition in Sauvignon Blanc grapes when 
UV exclusion screens were placed in a vineyard setting. These contrasting results could be due to the 
differences between the grapevines in a vineyard and the potted vines or to the efficacy of the 
screens. Since the amino acid composition does not exactly represent the protein composition, this 
may also have affected the outcomes with the current study. No studies have previously investigated 
the effect of UV radiation on pathogenesis-related (PR) proteins in grapes which are predominant 
proteins in finished white wine and responsible for haze formation (Marangon et al. 2011, Tattersall 
et al. 2001, Tattersall et al. 1997, Waters et al. 1996). In this study, a lower concentration of PR 
proteins in grape skin in UV exclusion treatment was observed, which indicates that PR proteins 
might be involved in plant defence responses aimed at combating or reducing the impact of UV-B 
radiation.  This hypothesis is supported by the observations of Surplus et al. (1998) who noted an 
increase in transcripts encoding three acid-type pathogenesis-related proteins, PR-1, PR-2 and PR-5, 
in Arabidopsis thaliana in the treatment with supplementary UV-B. Therefore, in addition to 
accumulation of flavonoids, anthocyanins and pigments, plants also employ another defence 
mechanism by induction of PR proteins (Mackerness 2000, Mackerness et al. 1999). 
Exposure to powdery mildew infection also had a profound influence on protein content in 
Sauvignon Blanc grape berries. Although PR proteins were observed in healthy grape berries during 
ripening (Chapter 4), the level of PR proteins in grapes was significantly increased by powdery 
mildew infection. Increasing quantities of PR proteins in response to powdery mildew infection of 
grapes have been reported previously (Girbau et al. 2004, Marsh et al. 2010, Monteiro et al. 2003). In 
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this study, unlike previous studies focusing on grape leaves or whole grape berries, the changes in PR 
proteins in response to powdery mildew infection were investigated in Sauvignon Blanc grape skin 
and pulp individually, and results showed that the increased concentration of PR proteins in both 
grape skin and pulp was positively associated with the severity of powdery mildew symptoms. As 
part of plant defense mechanism, the antifungal activity of grape PR proteins has been exhibited in 
vitro against the responsible pathogen, Uncinula necator (Giannakis et al. 1998). Genetic analysis of a 
number of cDNA clones encoding various PR proteins, including chitinases (PR-2), β-1,3-glucanase 
(PR-3) and TLPs (PR-5), also showed that the expression of these genes was enhanced in response to 
powdery mildew infection (Jacobs 1999).  
The effect of powdery mildew infection on phenolic content in grape berries has not been well 
documented. Results in this study showed that the concentration of total phenolics in skin 
decreased, but the concentration of total phenolics in pulp increased in response to powdery mildew 
infection. The decrease of total phenolics in grape skin may have been caused by less effective 
extraction of phenolic compounds from the scar area in grape skin. The greater concentration of 
total phenolics observed in grape pulp was probably due to the synthesis and accumulation of 
phenolics associated with scar tissue, which may function in resistance mechanisms of plants against 
fungal pathogens. A review by Lattanzio et al. (2006) reported that antifungal phenolics in plants 
consist of simple phenols, phenolic acids, flavonols and dihydrochalcones . They are already present 
in healthy plants at levels that are anticipated to be antimicrobial, but their levels may increase 
further in response to challenge by pathogens.  
In the UV experiment, the detection of tannin in the juice for all treatments demonstrated that the 
skin components could be extracted by hand squeezing berries and contributed to juice composition. 
The lower concentrations of tannin and total phenolics, and the higher concentration of total 
proteins in grape berries from the UV exclusion treatment were detected in the resultant juice. The 
UV exclusion treatment had shown no impact on the concentrations of PR proteins in grape pulp but 
resulted in a lower concentration of PR proteins in grape skin. Thus, a higher concentration of PR 
proteins would be expected in the juice from the control treatment as more PR proteins might be 
extracted from the skin into juice. However, the concentration of PR proteins in the juice from the 
control treatment was actually lower than that from the UV exclusion treatment. This is likely due to 
the greater concentration of phenolics/tannin in grape skin and pulp from the control treatment, 
which may immobilize PR proteins by interaction with them during the extraction process. The 
interaction between proteins and phenolics/tannin has been reported previously by many authors in 
different beverages (Charlton et al. 2002, Esteruelas et al. 2011, Gazzola et al. 2012, Siebert 1999, 
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Siebert et al. 1996). Therefore, the lower concentration of PR proteins observed in the control 
treatment was probably because the loss of PR proteins caused by interactions between proteins and 
phenolics/tannin during juice pressing process was greater than the amount of PR proteins extracted 
from grape skin. 
In the powdery mildew infection experiment, both grape skin and pulp had shown a higher 
concentration of PR proteins in response to powdery mildew infection; accordingly PR proteins were 
measured at a higher concentration in the juice obtained from powdery mildew infected grapes. The 
differences in phenolics and tannin in grape berries, between UV treatments, may also have affected 
the extraction of PR proteins in resultant juice as described for the UV exclusion treatment, but this 
effect was limited for protein content in the powdery mildew infection experiment because the 
levels of PR proteins in the juice was largely determined by the concentration of PR proteins in the 
pulp, which was significantly differentiated between treatments. The lower concentration of tannin 
in juice from the high infection treatment suggested that more tannin was lost probably due to the 
interaction with proteins, which were determined to be at a significantly greater level in highly 
scarred grape berries. 
5.6 Conclusion 
Grape berry and juice compositions are important in determining the composition and quality of 
resultant wine. This study has confirmed the impact of UV radiation on increasing phenolics in grapes 
and the impact of powdery mildew infection on increasing proteins in grapes. In addition, UV 
exclusion also had an influence on protein content, with a lower concentration of PR proteins in skin 
and a higher concentration of total proteins in pulp; powdery mildew infection on grapes resulted in 
lower concentration of phenolics in skin and higher concentration in pulp.  
The juice resulting from the UV exclusion treatment had a lower concentration of phenolics, but a 
higher concentration of total proteins. The juice from high powdery mildew symptoms had 
significantly higher concentration of total phenolics and total proteins. The concentrations of haze-
forming PR proteins in juice were mainly determined by their concentration in grape pulp as most of 
PR proteins in juice are extracted from the pulp. For similar concentrations of PR proteins in grape 
pulp, their concentration in resultant juice may be affected by the extraction of PR proteins from the 
skin and/or the interactions between phenolics/tannin and proteins during the extraction. With 
regard to the UV exclusion experiment, the concentration of PR proteins in grape pulp was similar 
between treatments but the concentration of phenolics and tannin was significantly greater in grapes 
from the control treatment. The level of PR proteins in consequent juice from the control treatment 
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was lower due to the greater loss of PR proteins as a result of interaction between phenolics/tannin 
and proteins.  
For the powdery mildew infection experiment, the concentration of PR proteins in juice from 
powdery mildew infected grapes was higher than that from healthy grapes, which is mainly because 
the powdery mildew resulted in significant increase of PR proteins in grape pulp. In contrast, the 
concentration of tannin in juice from grapes with high levels of powdery mildew scars was lower than 
that from healthy grapes, indicating that tannin extracted from grape skin was reduced by increased 
protein content in powdery mildew infected berries as a result of phenolic-protein interaction. 
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Table 5.1 Berry composition analysis of Sauvignon Blanc grapes from the UV exclusion experiment (n=3) 
Tissue Treatment Total Phenolics (mg/kg of berry)a 
Tannin (mg/kg of 
berry)b 
Total Proteins (mg/kg of 
berry)c 
TLPs (mg/kg of 
berry)d 
Chitinases (mg/kg of 
berry)d 
Skin Control 1337 ± 12 949 ± 59 116 ± 6 33.0 ± 2.2 49.4 ± 3.6 
 UV exclusion   963 ± 23 750 ± 22 124 ± 2 23.9 ± 2.9 34.4 ± 2.9 
 Significance *** ** NS ** ** 
       
Pulp Control   252 ± 12 N/A 374 ± 6 53.4 ± 5.4 75.8 ± 12.8 
 UV exclusion 146 ± 7 N/A 551 ± 7 59.0 ± 1.7 67.3 ± 5.6 
 Significance *** N/A *** NS NS 
a Total phenolics was determined by Folin-Ciocalteau method, which is expressed as gallic acid equivalent; b tannin was determined by methylcellulose precipitation 
method, which is expressed as epicatechin equivalent; c total protein concentration was determined by EZQ kit, which is expressed as ovalbumin equivalent; d TLPs and 
chitinases were determined by RP-HPLC, which is expressed as thaumatin equivalent; Significance levels are: NS is p>0.05; *is p≤0.05; **is p≤0.01; *** is p≤0.001. 
  
71 
 
Influence of UV exclusion and Powdery Mildew Infection 
 
Table 5.2 Berry composition analysis of Sauvignon Blanc grapes from the powdery mildew infection experiment in which berries demonstrated high and 
low levels of skin scarring (n=3) 
Tissue Treatment Total Phenolics (mg/kg of berry)a 
Tannin (mg/kg of 
berry)b 
Total Proteins (mg/kg of 
berry)c 
TLPs (mg/kg of 
berry)d 
Chitinases (mg/kg of 
berry)d 
Skin Control 817 ± 11 716 ± 23 123 ± 13 26.9 ± 2.9 39.2 ± 7.1 
 Low-scarring 782 ± 29 711 ± 13 134 ± 13 36.6 ± 6.5 48.3 ± 8.6 
 High-scarring 753 ± 17 683 ± 36 176 ± 15 43.3 ± 4.6 57.2 ± 3.7 
 Significance * NS ** ** * 
       
Pulp Control 96 ± 8 N/A 579 ± 29 52.6 ± 4.9 72.4 ± 11.7 
 Low-scarring 116 ± 17 N/A                     531 ± 9 66.4 ± 3.0 83.9 ± 4.0 
 High-scarring 134 ± 11 N/A 654 ± 49 60.0 ± 7.6 83.8 ± 3.5 
 Significance * N/A * * NS 
 a Total phenolics was determined by Folin-Ciocalteau method, which is expressed as gallic acid equivalent; b tannin was determined by methylcellulose precipitation 
method, which is expressed as epicatechin equivalent; c total protein concentration was determined by EZQ kit, which is expressed as ovalbumin equivalent; d TLPs and 
chitinases were determined by RP-HPLC, which is expressed as thaumatin equivalent; Significance levels are: NS is p>0.05; *is p≤0.05; **is p≤0.01; *** is p≤0.001. 
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Table 5.3 Phenolic and protein content in juices from the UV exclusion experiment (n=3) 
Treatment Total Phenolics (mg/L)a 
Tannin 
(mg/L)b 
Total Proteins 
(mg/L)c 
TLPs 
(mg/L)d 
Chitinases 
(mg/L)d 
Control 332 ± 2 178 ± 3 119 ± 15 31.1 ± 0.3 43.4 ± 0.7 
UV exclusion 272 ± 5   42 ± 1 139 ± 16 33.5 ± 0.1 42.9 ± 0.2 
Significance *** ** * *** NS 
a Total phenolics was determined by Folin-Ciocalteau method, which is expressed as gallic acid 
equivalent; b tannin was determined by methylcellulose precipitation method, which is expressed as 
epicatechin equivalent; c total protein concentration was determined by EZQ kit, which is expressed as 
ovalbumin equivalent; d TLPs and chitinases were determined by RP-HPLC, which is expressed as thaumatin 
equivalent; Significance levels are: NS is p>0.05; *is p≤0.05; **is p≤0.01; *** is p≤0.001. 
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Table 5.4 Phenolic and protein content in juices from the powdery mildew infection experiment in 
which berries demonstrated high and low levels of skin scarring (n=3) 
Treatment Total Phenolics (mg/L)a 
Tannin 
(mg/L)b 
Total Proteins 
(mg/L)c 
TLPs 
(mg/L)d 
Chitinases 
(mg/L)d 
Control 194 ± 8 123 ± 2 141 ± 14 34.6 ± 0.4 41.9 ± 0.2 
Low-scarring 179 ± 1 157 ± 1 206 ± 11 43.1 ± 0.1 57.0 ± 0.2 
High-scarring 252 ± 2   68 ± 2 211 ± 19 44.2 ± 0.1 50.1 ± 0.4 
Significance *** ** ** *** *** 
a Total phenolics was determined by Folin-Ciocalteau method, which is expressed as gallic acid 
equivalent; b tannin was determined by methylcellulose precipitation method, which is expressed as 
epicatechin equivalent; c total protein concentration was determined by EZQ kit, which is expressed as 
ovalbumin equivalent; d TLPs and chitinases were determined by RP-HPLC, which is expressed as thaumatin 
equivalent; Significance levels are: NS is p>0.05; *is p≤0.05; **is p≤0.01; *** is p≤0.001. 
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Figure 5.1 The frames (a) and the transmittance (b) of plastic materials used for the UV exclusion 
experiment 
  
75 
 
Influence of UV exclusion and Powdery Mildew Infection 
 
 
Figure 5.2 The berry weight (a) and °Brix (b) of berries during ripening in the UV exclusion 
experiment, the error bars represent the standard deviation of the mean (n=3) 
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Figure 5.3 The berries from the UV exclusion experiment showing different levels of sun burn 
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Figure 5.4 The different levels of scarring on berries from the powdery mildew infection 
experiment 
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6.1 Abstract 
Background and Aims: Grape harvesting method and processing conditions, can influence the 
extraction of proteins and other components that may interact with them. Further, the composition 
of pre-fermentation juice from white grape cultivars largely determines the composition of the 
resulting wine. The aim of this study was to investigate the effects of harvesting and grape processing 
on phenolic and protein content, particularly haze-forming pathogenesis-related (PR) proteins, and 
the protein stability of wines produced from these treatments.  
Methods and Results: Sauvignon Blanc grapes were harvested by hand and by machine harvester 
from Dillons Point vineyard in 2011 and 2012 and Ben Morven vineyard in 2012. After harvesting, 
berries were variously processed: whole bunch press without skin contact, and desteming and 
crushing with 3 h skin contact. In addition, three pressing pressures were investigated: low (up to 0.4 
MPa), medium (up to 0.8 MPa), and high (up to 1.6 MPa). Juices and wines from the Ben Morven 
vineyard had lower concentrations of phenolics and proteins. Lower protein concentrations were 
measured in juices and wines from machine harvester treatments. Destem, crush and 3 h skin 
contact resulted in greater juice yield and higher concentration of phenolics and proteins (including 
PR proteins) in juice. Greater extraction of phenolics was found in juice obtained at the high pressing 
pressure. Bentonite requirement of wines was linearly correlated with concentration of chitinases. 
Conclusions: The year and vineyard site seem to have the major impact on juice and wine 
composition. For grapes harvested in same vineyard and vintage, machine harvesting results in lower 
concentration of proteins, particularly PR proteins, in juices and wines and therefore requires less 
bentonite addition for protein stabilization comparing to hand harvesting with destem, crush and 3 h 
skin contact. 
Significance: The findings presented here are important for oenologists to plan and manage the 
harvesting and grape processing prior to fermentation in order to reduce the extraction of nuisance 
PR proteins and achieve less bentonite requirement for wine protein stabilization.  
 
Keywords: bentonite requirement, harvesting, juice, pathogenesis-related (PR) proteins, phenolics, 
processing, Sauvignon Blanc, wine   
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To avoid repetition of the literature review, the introduction section for this chapter has been 
replaced by a shorter objectives section. A fuller introduction will be included in the submitted paper. 
6.2 Objectives 
Grape harvesting and processing are known to influence important flavour-related components and 
it was expected that they would also influence protein concentrations in juice and protein 
stabilization of resultant wines. Thus, the objective of this study was to determine how common 
harvesting and processing techniques influence protein extraction from grapes into juice and the 
consequent impact on bentonite requirement. 
6.3 Materials and methods 
6.3.1 Juice and wine samples 
Sauvignon Blanc grapes (MS/SO4) were sourced from two vineyard sites in Marlborough which were 
recognised to produce wines with different flavour profiles. A site predicted to deliver high thiols 
(Dillons Point, located in Lower Wairau) was used in 2011 and 2012. A potentially low thiol site (Ben 
Morven, located in the Southern Valleys) was included in 2012. Grapes were hand-harvested from 13 
bays of grapevines (3 vines per bay with interval distance of 2.4 m between vines) within two rows. 
Once hand harvested, a commercial machine harvester was used to mechanically harvest the 
remaining grapes from the same two rows of grapevines. The grape processing treatments (Table 
6.1) comprised three main treatments (H-WB-0-A, H-DC-3-A and M-DC-3-A), and two additional 
treatments (Tank, H-DC-3-W) were included to compare the impacts of the size of pressing 
equipment. Juice samples were collected from a progressive pressing up to 0.4 MPa over 30 min, and 
then grape material being turned once, followed by increasing the pressure to 0.8 MPa for 30 min 
with turning grape material once and at last up to 1.6 MPa for one hour with turning grape material 
twice. With regard to juice samples from Dillons Point vineyard in 2011 and from Ben Morven 
vineyard in 2012, the combined pressing fractions (0-0.4 MPa, 0-0.8 MPa and 0-1.6 MPa) were 
collected. For juice samples from Dillons Point vineyard in 2012, there were two additional separate 
pressing fractions (0.4-0.8 MPa and 0.8-1.6 MPa) collected. All juice samples (about 3 L for each 
pressing fraction) were collected and settled in buckets for 24 hours, and then divided into 3 
aliquots. Separate sub-samples (40 mL) from each aliquot were taken for analysis. During crushing 
and desteming, sulphur dioxide at 80 g/t of potassium metabisulphite (PMS) was added to avoid 
oxidation, and Rohavin MX enzyme (AB Enzymes, Germany) was added at the rate of 0.03 mL/L of 
juice after pressing to help cold settling of the juice. Wine samples were fermented (only for juice 
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samples from Dillons Point vineyard) in 750 mL of wine bottles according to the standard winemaking 
protocol for Sauvignon Blanc at Marlborough Wine Research Centre. 
6.3.2 Standard juice analysis 
Juice samples were analysed for total soluble sugars (°Brix), pH and titratable acidity (TA) at 
Marlborough Wine Research Centre. The °Brix and pH were determined using refractometer 
(Measumax, Australia) and pH meter (Metrohm, USA). The TA was measured on a 5 mL juice sample 
using an autotitrator (Metler-Toledo DL50, New Zealand). The 5 mL of juice was added into 30 mL 
distilled water and titrated using 0.1 M NaOH to pH 8.2, with titratable acidity expressed as g/L 
tartaric acid equivalent. 
6.3.3 Determination of total proteins 
Protein concentration was determined using the EZQ protein quantification kit (Invitrogen, New 
Zealand) following the manufacturer’s instructions. The detailed procedures were described in 
Chapter 2. 
6.3.4 Determination of total phenolics 
The concentration of total phenolics in juice and wine samples was determined using micro-scale 
protocol for Folin-Ciocalteau colorimetric reaction method (Waterhouse 2002) as described in 
Chapter 2.  
6.3.5 Pathogenesis-related proteins analysis by RP-HPLC 
Juice and wine samples (50 µL) were injected for PR protein analysis using HPLC. The HPLC running 
conditions were described in Chapter 2. 
6.3.6 Bentonite requirement 
Bentonite requirement of the wines was determined using hot/cold tests as described in Chapter 2. 
For wine samples collected in 2011DP, a micro-scale trial (5 mL of wine) was carried out by 
determining the turbidity using a spectrophotometer at 540 nm in a 1 mL cuvette. For wine samples 
collected in 2012DP, the standard method (15 mL of wine) was performed and the turbidity was 
determined using nephelometry. 
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6.3.7 Statistical analysis 
Data represent the means of three measurements for each sample. General linear model (GLM) 
analysis was carried out using Minitab 16 (Minitab Inc., USA). The combination of year and vineyard 
site were designated as blocks: 2011DP, 2012DP and 2012BM. Treatments were harvesting methods 
(hand picking and mechanically harvesting), grape processing (whole bunch press without skin 
contact, de-stemming only with 3h skin contact, de-stemming and crushing with 3h skin contact) and 
juice pressing pressures (0-0.4 MPa, 0-0.8 MPa, 0-1.6 MPa, 0.4-0.8 MPa and 0.8-1.6 MPa). Least 
significant difference (LSD, 5% level) was determined when a significant P-value was obtained. 
6.4 Results 
6.4.1 Standard juice analysis 
The analytical results of all juice samples showed °Brix values from 19.2 to 21.7, pH values from 2.94 
to 3.12, and titratable acidity (TA) values from 11.1 to 14.6 g/L respectively (Table 6.2). On the basis 
of standard chemical parameters, juices from Dillons Point vineyard in 2011 and 2012 and from Ben 
Morven vineyard in 2012 showed similar values of pH and titratable acidity, although berries from 
Ben Morven in 2012 were harvested at a higher °Brix at an average value of 21.5 than grapes 
harvested from Dillons Point at an average value of 20.0°Brix in 2011 and 2012. In addition, juices 
from each treatment for both vineyards showed similar values of °Brix and TA, but the juices from 
treatment H-WB-0-A had lower pH values (SEM, 0.02).  
6.4.2 Juice yield and total phenolics 
Juice yields of samples ranged from 4 to 71.5% (Table 6.3). The juices obtained in 2012 from Dillons 
Point and Ben Morven had similar juice yield (P > 0.05) which was greater than juices collected in 
2011 from Dillons Point (P < 0.01). Mechanically harvesting method resulted in a greater juice yield 
compared to hand harvesting method (P < 0.001). Application of de-stemming/crushing and skin 
contact before pressing also gave rise to the resultant juices with a greater juice yield than whole 
bunch press (P < 0.001). Juice yield increased along with the increment of pressing pressure, giving 
the highest juice yield at pressure of 1.6 MPa. A significant harvesting x pressure interaction was 
observed (P < 0.001), but no processing x pressure interaction was determined (P > 0.05).  
The total phenolic concentrations in juices and wines for all treatments from two vineyards ranged 
from 162 to 302 mg/L and from 171 to 265 mg/L, respectively (Table 6.3). No difference (P > 0.05) in 
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phenolic concentrations was observed between two harvesting methods. However, a difference (P < 
0.001) was observed between three blocks with greater phenolic concentrations in 2012DP. 
Processing by de-stemming/crushing and 3 h skin contact resulted in greater phenolic concentrations 
in resultant juices (P < 0.001), but no difference (P > 0.05) was observed for corresponding wine 
samples. The juices of combined pressing fractions collected at different pressing pressures and 
resultant wines showed similar total phenolic concentrations (P > 0.05). No harvesting x pressure 
interaction and processing x pressure interactions were determined (P > 0.05) for total phenolics. 
In the additional two treatments for the three blocks, a greater juice yield was also observed in press 
fraction collected at higher pressure as expected. Juices and wines from 2012DP had higher 
concentration of total phenolics. The highest concentration of total phenolics in juices and wines was 
observed in the tank sample from 2012DP (302 mg/L) and the 0-0.4 bar press fraction of treatment 
H-DC-3-W from 2012DP (265 mg/L), respectively. 
6.4.3 Total proteins 
The total protein concentrations in juices and wines for all treatments from two vineyards were 
determined in the range from 52 to 224 mg/L and from 49 to 127 mg/L, respectively (Table 6.4). The 
concentrations of total proteins in juices from Dillons Point vineyard in two years were similar. 
However, a difference in protein concentrations of juices (P < 0.001) from Ben Morven vineyard in 
2012 was observed with lower concentrations than those from Dillons Point vineyard. The difference 
was also observed for wine samples (P < 0.01) between three blocks with lower wine protein 
concentrations in 2012BM. This result suggested year and vineyard site had significant influence on 
total protein concentrations in resultant juices and wines.  
In contrast to total phenolic concentrations, juices (P < 0.01) and wines (P < 0.05) obtained from 
hand-harvested treatments had greater protein concentrations than those obtained from 
mechanically harvested treatments. Similar to total phenolic concentrations, the greater protein 
concentration (P < 0.05) was also observed in juices treated with de-stemming/crushing and 3 h skin 
contact, but not detected in the resultant wine samples. The juices of combined pressing fractions 
collected at different pressing pressures and resultant wines showed similar total protein 
concentrations (P > 0.05). No harvesting x pressure and processing x pressure interactions were 
determined (P > 0.05) for total proteins.  
Two additional treatments from three blocks provided extra information in agreement with that the 
juices from 2012BM had lower concentration of total proteins. The lowest and highest concentration 
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of total proteins in wine samples for all treatments was observed in the tank sample from 2011DP 
(49 mg/L) and the 0-2.0 bar press fraction of treatment H-DC-3-W from 2012DP (127 mg/L), 
respectively. 
6.4.4 Thaumatin-like proteins (TLPs) and chitinases 
By comparing the retention times of purified thaumatin-like proteins (TLPs) and chitinases, the peak 
eluting at 9.2 min and the one eluting at 19.2 min were identified as TLPs and chitinases in Sauvignon 
Blanc juice respectively (Figure 6.1). There were two small peaks eluting between 10 and 12 min 
which were considered as minor TLPs according to a previous published reference (Marangon et al. 
2009, Tattersall et al. 1997, Waters et al. 1992). Thus, in our study, the peaks eluting between 9 and 
12 min were assigned as TLPs and the peaks eluting between 18 and 25 min were assigned as 
chitinases. 
The major soluble proteins in Sauvignon Blanc juices and wines were TLPs and chitinases. The 
concentration of TLPs in juices and wines from three blocks was determined in range from 55 to 152 
mg/L and from 56 to 99 mg/L respectively, and the concentration of chitinases ranged from 37 to 110 
mg/L and from 24 to 69 mg/L in juices and wines respectively (Table 6.5).  A difference (P < 0.001) in 
the concentration of TLPs and chitinases between blocks was observed in juices with the lowest 
concentration in 2012BM and the highest concentration in 2012DP. However, no difference (P > 
0.05) was observed in wines between blocks. Juices obtained from mechanically harvested 
treatments had lower concentrations of TLPs (P < 0.01) and chitinases (P < 0.05) than those collected 
from hand harvested treatments. The resultant wines also showed lower concentration of chitinases 
(P < 0.05) in mechanically harvested treatments, but the concentration of TLPs (P > 0.05) was similar 
in wines between two harvesting treatments. A difference (P < 0.05) between two processing 
conditions was only observed in the concentration of chitinases in juice samples with greater 
concentration in DC-3-A. The juices of combined pressing fractions collected at different pressing 
pressures and resultant wines showed similar concentrations of TLPs and chitinases (P > 0.05). No 
harvesting x pressure interaction and processing x pressure interaction were determined (P > 0.05) 
for TLPs and chitinases. 
Lower concentrations of TLPs and chitinases in juices from two additional treatments in three blocks 
was determined in 2012BM, which was in coincidence with the observations found in three main 
treatments. The highest concentrations of TLPs (152 mg/L) and chitinases (110 mg/L) in juices were 
both detected in the 0-2.0 bar press fraction of treatment H-DC-3-W from 2012DP, and the lowest 
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concentration of TLPs (56 mg/L) and chitinases (24 mg/L) in wines were both observed in the 0-0.4 
bar press fraction of treatment H-DC-3-W from 2012DP. 
6.4.5 Juice and wine composition of separate pressing fractions in 2012DP 
As the juices of combined pressing fractions (0-0.4 MPa, 0-0.8 MPa and 0-1.6 MPa) did not show 
differences in protein and phenolic concentrations in each treatment, the juices of separate pressing 
fractions (0-0.4 MPa, 0.4-0.8 MPa and 0.8-1.6 MPa) were collected from Dillons Point in 2012 to 
further study the influence of pressing pressure on resultant juice and wine composition. The 
analytical data of juice and wine samples are presented in Table 6.6. In these separate pressing 
fractions from 2012DP, the juices from the mechanically harvesting treatment also showed a lower 
protein concentration compared to the hand harvesting treatment (P < 0.05). No difference (P > 
0.05) in protein and phenolic content was observed in wines between the two harvesting treatments. 
Processing conditions were only observed to have significant influence (P < 0.001) on the 
concentration of total phenolics in the juices. The juices treated with de-stemming/crushing and 3 h 
skin contact had a greater concentration of total phenolics than whole bunch pressed juice, which 
was consistent with the results observed for the combined juice samples. However, in contrast to no 
difference observed in combined juices between pressures, the pressing fraction of 0.8-1.6 MPa 
showed the higher concentration of total phenolics in juices (P < 0.001), and lower concentration of 
TLPs in juices (P < 0.05) and wines (P < 0.05). 
6.4.6 Bentonite requirement 
The results of the bentonite fining trials in 2011DP and 2012DP are given in Table 6.7 and Table 6.8. 
For wine samples in 2011DP, only limited wine sample volumes were available and this meant that a 
non-standard method was utilised to assess turbidity. However, the absorbance measurements in 
the range 540-560 nm have been used by other workers (Batista et al. 2009, Mesquita et al. 2001, 
Sarmento et al. 2000). The requirement of bentonite addition for 2011DP wine samples was in the 
range from 0.19 g/L to 0.44 g/L. For 2012DP wine samples, the standard protein heat stability 
method was utilised and the bentonite requirement for wine samples in 2012DP was in the range 
from 0.46 g/L to 0.67 g/L. Although the methods were different, in both vintages the bentonite 
requirement was lower in wines from machine harvesting treatments. In addition, bentonite 
requirement was observed to have a strong correlation with the concentration of chitinases in juice 
(R2=0.84 for 2011DP and R2=0.73 for 2012DP) and wine (R2=0.85 for 2011DP and R2=0.68 for 2012DP) 
(Figure 6.2 and 6.3), which lends credence to the relative results if not necessarily their magnitude. 
Thus, the higher bentonite requirement observed in 2012DP is likely due to the different method as 
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no significant difference in the concentration of PR proteins in wines was observed between 2011DP 
and 2012DP.  
6.5 Discussion 
A difference (P < 0.01) in pH of juices was observed between processing treatments with higher pH 
value in juices obtained from de-stemmed and crushed grapes, which might be caused by greater 
potassium extraction in juices from de-stemmed and crushed grapes. Grapes from Ben Morven 
vineyard in 2012 were harvested at 21.5 °Brix which was higher than grapes harvested from Dillons 
Point vineyard in 2011 and 2012 at 20.0 °Brix. Thus, the higher protein and phenolic concentration 
would be expected in berries harvested from 2012BM based on our observations in grape berry 
composition development during ripening in Chapter 4. However, the protein and phenolic content 
in juices from 2012BM showed a lower level than that from 2012DP, suggesting the vineyard site has 
the greater influence on grape berry composition than grape maturation. Comparing between the 
two vineyard sites, the difference in soil composition is likely the major cause of variations in berry 
composition. A recent study (Grose et al. 2013) which was also carried out by using grapes from 
these two vineyards has shown that wines produced from grapes from the Ben Morven vineyard had 
lower thiol concentrations compared to the Dillons Point vineyard. In addition, the influence of soil 
chemistry on wine grape composition (Mackenzie and Christy 2005) and the effects of soil type on 
aroma in white wines (Gómez-Míguez et al. 2007) have been reported previously.  
The juices and wines from machine harvesting treatments had lower concentrations of total proteins 
and PR proteins than those from hand harvesting treatments with destem, crush, 3 h skin contact 
prior to pressing. The bentonite requirement was therefore reduced in wines from machine 
harvesting treatments. This has not been widely investigated and the only published information 
(Pocock et al. 1998, Pocock and Waters 1998) suggests that mechanical harvesting coupled with long 
distance transport could be expected to increase juice protein concentration and therefore bentonite 
requirement. That work was relevant to Australian conditions which are considerably different to 
those experienced in New Zealand. In our study, the effect of harvesting and grape processing on 
protein concentration in resultant juices and wines is likely dependent on a combination of factors, 
including juice yield, phenolic extraction and its interaction with proteins during processing.  
One possibility might be that differences in juice yield were responsible. In our experiments, there 
were consistent differences: juice yield for the destem, crush and 3 h skin contact treatment were 
63-70% for hand harvested fruit and 71-73% for machine harvested fruit. However, there were no 
significant differences in the concentrations of protein in the juice obtained from different press 
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fractions (0-0.4 MPa, 0-0.8 MPa and 0-1.6 MPa) for these treatments. Nor were there significant 
differences for individual press fractions (0-0.4, 0.4-0.8 and 0.8-1.6 bar) when these were 
investigated for the Dillons Point 2012 samples. For the destem, crush and 3 h skin contact 
treatment, the concentration of protein in all press fractions seems to be similar, in which case 
differences in juice yield might alter the total amount of protein extracted but not the concentration. 
A second possibility was that proteins interact with other components such as phenolics during the 
harvesting and processing, and that subtle differences in this interaction are responsible for 
modulating the juice protein concentration. With regard to machine harvesting, a proportion of 
grapes leaves, stems and tendrils of grapevines were also collected along with berries by machine 
harvester, which might result in greater extraction of phenolics into the resultant juices. However, no 
difference in phenolic content was observed between two harvesting treatments, which indicates 
the potential greater extraction of phenolics in juices from machine harvesting treatments might 
combine with more proteins and precipitate as protein-phenolic complex during juice processing. 
The binding of polyphenol with proteins resulting the precipitation of the complexes was observed in 
previous studies (Charlton et al. 2002, Siebert et al. 1996) and in a recent study the phenolic 
compounds have been found present in natural haze protein of Sauvignon white wine (Esteruelas et 
al. 2011). Therefore, the potential greater extraction of phenolics in machine harvesting is likely 
reducing the juice protein concentration as a result of phenolic-protein interaction during harvesting 
and processing. Pocock and co-workers suggested that increased extraction from grape skins was 
responsible for higher protein concentrations in juice after mechanical harvesting and long distance 
transport (Pocock et al. 1998). However in our experiments, the time taken for machine harvesting 
was relatively short and both machine and hand harvested grapes had the same 3 hours of skin 
contact after crushing; we would suggest that in our New Zealand conditions, this period is perhaps 
more important than the longer periods associated with transport in some Australian situations. 
In this study, juice extraction was less for whole bunch pressed (56-62%) compared to destem, crush, 
3 h skin contact and pressed (63-70%) treatments. As when comparing hand versus machine 
harvesting, there was no evidence of any significant differences in protein concentrations between 
press fractions for whole bunch versus destem, crush and skin contact treatments. However, there 
were significant differences (P < 0.01) in total phenolics concentrations. First, total phenolics 
concentrations were consistently less in juice obtained from whole bunch pressed (171-227 mg/L) 
compared to destem, crush, 3 h skin contact and pressed (224-274 mg/L) treatments. Second, there 
was a consistent trend of pressure on total phenolics concentrations in juice: average values for 
individual press fractions (0-0.4, 0.4-0.8 and 0.8-1.6 MPa) for the Dillons Point 2012 samples were 
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257, 249 and 283 mg/L. These results for total phenolics concentrations are consistent with existing 
ideas of phenolic extraction from berries: i.e. initial release of phenolics from the pulp 
(predominately hydroxycinnamic acids) with greater pressures and or maceration required to release 
phenolics (predominately flavonoids) from skin (and ultimately seeds). 
The lower protein and phenolics concentrations for the hand harvested and whole bunch pressed 
treatment therefore probably represent the minimum possible extraction (from the pulp) of these 
components and relatively little interaction between them. The greater concentrations of both 
protein and phenolics for the hand harvested and destem, crush, 3 h skin contact and pressed 
treatment suggests additional extraction of these components. It seems likely that during this 
process interaction between them might lead to some loss of both from solution. And the lower 
protein and similar phenolics concentrations for machine versus hand harvested treatments with 
destem, crush, 3 h skin contact prior to pressing suggests a greater degree of interaction between 
extracted proteins and phenolics.  
The decrease of TLPs and chitinases after fermentation observed in this study is consistent with the 
previous study conducted by Pocock and Waters (1998) who found that around 60% of initial juice PR 
proteins remained in Sauvignon blanc wine. In this study, the reduction of chitinases was about 2-
fold greater than TLPs, suggesting that TLPs is more stable during fermentation. Marangon et al. 
(2010) have revealed that chitinases require a lower temperature to unfold, aggregate and 
precipitate than TLPs, and this denaturation process is irreversible; in contrast, TLPs begin to unfold 
at a higher temperature, and this denaturation is reversible. Therefore, chitinases would be insoluble 
and precipitated out of solution once denatured. This can also explain the good linear correlation 
between bentonite requirement and chitinase concentration in juice and wine as their denaturation 
is more important to protein heat stability. Indeed, chitinases have been reported as the proteins 
being the most prone to aggregate and form the largest particles via reconstitution experiments 
(Gazzola et al. 2012). The removal of chitinases might be the key to wine protein stabilization. 
6.6 Conclusion 
The year and vineyard site have the major impact on proteins and phenolics in juices and wines, 
which reflects the influence of climate and soil on grape composition. Lower protein concentration in 
juices from mechanically harvested grapes is likely due to the dilution effect of great juice yield and 
the interaction of proteins with phenolics during juice processing. Destem, crush and skin contact 
treatments result in greater juice yield, but they also give rise to greater extraction of phenolics and 
proteins, particularly chitinases which is positively correlated with bentonite requirement. Higher 
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juice pressing pressure only shows significant influence on total phenolics in individual press 
fractions.  
This study clearly demonstrated the effects of harvesting and grape processing on the composition of 
resultant juice and wine. Lower concentration of proteins, in particular PR proteins, in juices from 
machine harvesting treatments suggests machine harvesting has the advantage of reducing 
bentonite requirement comparing to hand harvesting with destem, crush and 3 h skin contact. 
However, further investigations on effects of skin contact and interactions between proteins and 
phenolics on extraction of proteins from grapes into juice would help us better understand how 
these practical processing techniques influence the bentonite requirement in final wine products.  
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Table 6.1 Description of harvesting and juice pressing conditions in different treatments 
Treatments Harvesting method 
Grape 
weight 
(kg) 
Grape 
processing 
Skin 
contact Press type 
H-WB-0-A Hand 300 Whole bunch 0 h Air press (Siprem PA8, Italy) 
H-DC-3-A Hand 300 De-stemmed & crushed 3 h Air press (Siprem PA8, Italy) 
M-DC-3-A Machine 400 De-stemmed & crushed 3 h Air press (Siprem PA8, Italy) 
H-DC-3-W Hand 200 De-stemmed & crushed 3 h 
Water press (Enotecnica 
Pillan, Italy) 
Tank Machine n/a n/a n/a n/a 
N/A: not applicable 
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Table 6.2 General analytical data for Sauvignon Blanc juices over two vintages 
Block Treatment °Brix pH TA (g/L)* 
2011DP H-WB-0-A 19.2 2.95 12.2 
 H-DC-3-A 19.6 3.06 11.6 
 M-DC-3-A 20.7 3.08 11.1 
 H-DC-3-W 20.0 3.04 11.8 
 Tank 20.4 3.12 13.1 
2012DP H-WB-0-A 19.6 2.98 14.6 
 H-DC-3-A 19.6 3.06 13.1 
 M-DC-3-A 19.9 3.08 13.0 
 H-DC-3-W 20.0 3.00 13.1 
 Tank 20.9 3.09 11.8 
2012BM H-WB-0-A 21.6 2.94 12.3 
 H-DC-3-A 21.4 3.03 11.9 
 M-DC-3-A 21.7 3.07 11.4 
 H-DC-3-W 21.0 3.07 12.2 
 Tank 21.6 3.03 11.6 
Significance    
Block *** NS NS 
Treatment NS ** NS 
*expressed as tartaric acid equivalent; Significance levels are: NS is p>0.05; *is p≤0.05; **is p≤0.01; *** is 
p≤0.001. 
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Table 6.3 Total phenolic concentrations in juice and wine samples from three blocks 
Block Harvesting Processing Pressure (MPa) Juice yield (%) Total phenolics (mg/L)*
  
Juice Wine 
2011DP Hand WB-0-A 0-0.4 13.5 249 193 
  WB-0-A 0-0.8 42.2 195 194 
  WB-0-A 0-1.6 55.7 196 188 
 Hand DC-3-A 0-0.4 50 268 184 
  DC-3-A 0-0.8 60 242 171 
  DC-3-A 0-1.6 62.7 211 183 
 Machine DC-3-A 0-0.4 50.4 218 181 
  DC-3-A 0-0.8 63.9 196 179 
  DC-3-A 0-1.6 71.5 180 171 2012DP Hand WB-0-A 0-0.4 15.7 228 203 
  WB-0-A 0-0.8 42.3 222 202 
  WB-0-A 0-1.6 61.9 232 209 
 Hand DC-3-A 0-0.4 49 276 237 
  DC-3-A 0-0.8 61.3 273 230 
  DC-3-A 0-1.6 69.9 275 212 
 Machine DC-3-A 0-0.4 55.3 268 223 
  DC-3-A 0-0.8 68.2 269 230 
  DC-3-A 0-1.6 73 272 221 2012BM Hand WB-0-A 0-0.4 16.7 175 n/a 
  WB-0-A 0-0.8 43.3 179 n/a 
  WB-0-A 0-1.6 62 162 n/a 
 Hand DC-3-A 0-0.4 48 230 n/a 
  DC-3-A 0-0.8 61 242 n/a 
  DC-3-A 0-1.6 68.7 201 n/a 
 Machine DC-3-A 0-0.4 56.3 245 n/a 
  DC-3-A 0-0.8 70.7 230 n/a 
  DC-3-A 0-1.6 71.2 242 n/a 
Significance    Block ** *** *** 
Harvesting *** NS NS 
Processing *** *** NS 
Pressure *** NS NS 
Harvesting*Pressure NS NS NS 
Processing*Pressure *** NS NS 
2011DP Hand DC-3-W 0-0.4 Bar 9 252 186 
  DC-3-W 0-2.0 Bar 53.5 221 188 
 Tank n/a n/a n/a 207 184 2012DP Hand DC-3-W 0-0.4 Bar 4 288 265 
  DC-3-W 0-2.0 Bar 51.5 281 225 
 Tank n/a n/a n/a 302 250 2012BM Hand DC-3-W 0-0.4 Bar 3.5 229 n/a 
  DC-3-W 0-2.0 Bar 50.5 224 n/a 
 Tank n/a n/a n/a 292 n/a 
*phenolics was determined by Folin-Ciocalteau method, which is expressed as gallic acid equivalent; 
Significance levels are: NS is p>0.05; *is p≤0.05; **is p≤0.01; *** is p≤0.001. 
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Table 6.4 Total protein concentrations in juice and wine samples from three blocks 
Block Harvesting Processing Pressure (MPa) Total Proteins (mg/L)* Juice Wine 
2011DP Hand WB-0-A 0-0.4 148 62 
  WB-0-A 0-0.8 159 91 
  WB-0-A 0-1.6 141 100 
 Hand DC-3-A 0-0.4 224 86 
  DC-3-A 0-0.8 192 95 
  DC-3-A 0-1.6 175 87 
 Machine DC-3-A 0-0.4 154 64 
  DC-3-A 0-0.8 122 58 
  DC-3-A 0-1.6 119 67 2012DP Hand WB-0-A 0-0.4 171 87 
  WB-0-A 0-0.8 181 107 
  WB-0-A 0-1.6 181 117 
 Hand DC-3-A 0-0.4 183 104 
  DC-3-A 0-0.8 162 91 
  DC-3-A 0-1.6 182 96 
 Machine DC-3-A 0-0.4 158 102 
  DC-3-A 0-0.8 158 96 
  DC-3-A 0-1.6 165 85 2012BM Hand WB-0-A 0-0.4 52 n/a 
  WB-0-A 0-0.8 79 n/a 
  WB-0-A 0-1.6 72 n/a 
 Hand DC-3-A 0-0.4 80 n/a 
  DC-3-A 0-0.8 92 n/a 
  DC-3-A 0-1.6 71 n/a 
 Machine DC-3-A 0-0.4 84 n/a 
  DC-3-A 0-0.8 56 n/a 
  DC-3-A 0-1.6 64 n/a 
Significance   Block *** ** 
Harvesting ** * 
Processing * NS 
Pressure NS NS 
Harvesting*Pressure NS NS 
Processing*Pressure NS NS 
2011DP Hand DC-3-W 0-0.4 Bar 178 90 
  DC-3-W 0-2.0 Bar 154 104 
 Tank n/a n/a 106 49 2012DP Hand DC-3-W 0-0.4 Bar 171 70 
  DC-3-W 0-2.0 Bar 189 127 
 Tank n/a n/a 138 108 2012BM Hand DC-3-W 0-0.4 Bar 80 n/a 
  DC-3-W 0-2.0 Bar 75 n/a 
 Tank n/a n/a 74 n/a 
*protein concentration was determined by EZQ kit, which is expressed as ovalbumin equivalent; Significance 
levels are: NS is p>0.05; *is p≤0.05; **is p≤0.01; *** is p≤0.001. 
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Table 6.5 Thaumatin-like proteins and chitinases determined in juices and wines  
Block Harvesting Processing Pressure (MPa) Juice (mg/L)*  Wine (mg/L)* TLPs Chitinases  TLPs Chitinases 
2011DP Hand WB-0-A 0-0.4 113 83  89 45 
  WB-0-A 0-0.8 118 93  96 60 
  WB-0-A 0-1.6 108 90  91 57 
 Hand DC-3-A 0-0.4 119 107  95 64 
  DC-3-A 0-0.8 115 105  93 69 
  DC-3-A 0-1.6 112 102  86 62 
 Machine DC-3-A 0-0.4 98 83  82 45 
  DC-3-A 0-0.8 102 88  75 40 
  DC-3-A 0-1.6 98 85  75 47 2012DP Hand WB-0-A 0-0.4 139 94  92 44 
  WB-0-A 0-0.8 152 110  99 59 
  WB-0-A 0-1.6 141 106  93 55 
 Hand DC-3-A 0-0.4 137 100  81 45 
  DC-3-A 0-0.8 138 102  83 46 
  DC-3-A 0-1.6 135 101  83 48 
 Machine DC-3-A 0-0.4 137 103  89 46 
  DC-3-A 0-0.8 133 103  86 44 
  DC-3-A 0-1.6 132 102  76 37 2012BM Hand WB-0-A 0-0.4 55 29  n/a n/a 
  WB-0-A 0-0.8 73 42  n/a n/a 
  WB-0-A 0-1.6 59 37  n/a n/a 
 Hand DC-3-A 0-0.4 73 44  n/a n/a 
  DC-3-A 0-0.8 76 48  n/a n/a 
  DC-3-A 0-1.6 61 39  n/a n/a 
 Machine DC-3-A 0-0.4 68 45  n/a n/a 
  DC-3-A 0-0.8 61 40  n/a n/a 
  DC-3-A 0-1.6 61 41  n/a n/a 
Significance      Block *** ***  NS NS Harvesting ** *  NS * Processing NS *  NS NS Pressure NS NS  NS NS Harvesting*Pressure NS NS  NS NS Processing*Pressure NS NS  NS NS 
2011DP Hand DC-3-W 0-0.4 Bar 117 100  98 63 
  DC-3-W 0-2.0 Bar 121 107  99 66 
 Tank n/a n/a 86 76  62 30 2012DP Hand DC-3-W 0-0.4 Bar 144 102  56 24 
  DC-3-W 0-2.0 Bar 152 110  88 43 
 Tank n/a n/a 105 82  90 41 2012BM Hand DC-3-W 0-0.4 Bar 71 43  n/a n/a 
  DC-3-W 0-2.0 Bar 75 46  n/a n/a 
 Tank n/a n/a 67 46  n/a n/a 
*TLPs and chitinases were determined by RP-HPLC, which is expressed as thaumatin equivalent; Significance 
levels are: NS is p>0.05; *is p≤0.05; **is p≤0.01; *** is p≤0.001. 
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Table 6.6 Juice and wine composition of separate pressing fractions from Dillons Point vineyard in 2012 
Harvesting Processing Pressure (MPa) 
Juice (mg/L)  Wine (mg/L) 
Proteins a Phenolics b TLPs c Chitinases c  Proteins
 a Phenolics b TLPs c Chitinases c 
Hand WB-0-A 0-0.4 171 228 139 94  87 203 92 44  WB-0-A 0.4-0.8 205 225 160 116  120 203 105 63  WB-0-A 0.8-1.6 144 251 124 98  90 214 73 45 Hand DC-3-A 0-0.4 183 276 137 100  104 237 81 45  DC-3-A 0.4-0.8 201 259 149 116  114 219 98 58  DC-3-A 0.8-1.6 157 300 116 95  67 240 63 30 Machine DC-3-A 0-0.4 158 268 137 103  102 223 89 46  DC-3-A 0.4-0.8 113 263 124 104  76 222 71 35  DC-3-A 0.8-1.6 33 300 108 98  60 269 53 24 
Significance          
Harvesting * NS NS NS  NS NS NS NS 
Processing NS *** NS NS  NS NS NS NS 
Pressure NS ** * NS  NS NS * NS 
a protein concentration was determined by EZQ kit, which is expressed as ovalbumin equivalent; b phenolics was determined by Folin-Ciocalteau method, which is 
expressed as gallic acid equivalent; c TLPs and chitinases were determined by RP-HPLC, which is expressed as thaumatin equivalent; Significance levels are: NS is p>0.05; *is 
p≤0.05; **is p≤0.01; *** is p≤0.001. 
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Table 6.7 Bentonite requirement of wines from 2011DP based on protein heat stability tests using 
spectrophotometry  
Treatment Pressing (MPa) Bentonite requirement (g/L) 
H-WB-0-A 0-0.4 0.19 
 0-0.8 0.33 
 0-1.6 0.31 H-CD-3-A 0-0.4 0.44 
 0-0.8 0.41 
 0-1.6 0.35 M-CD-3-A 0-0.4 0.24 
 0-0.8 0.20 
 0-1.6 0.25 
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Table 6.8 Bentonite requirement of wines from 2012DP based on protein heat stability tests using 
nephelometry  
Treatment Pressing (MPa) Bentonite requirement (g/L) 
H-WB-0-A 0-0.4 0.48 
 0.4-0.8 0.61 
 0-0.8 0.65  0.8-1.6 0.53 
 0-1.6 0.63 H-CD-3-A 0-0.4 0.53 
 0.4-0.8 0.67 
 0-0.8 0.61  0.8-1.6 0.46 
 0-1.6 0.52 M-CD-3-A 0-0.4 0.54 
 0.4-0.8 0.52 
 0-0.8 0.53  0.8-1.6 0.49 
 0-1.6 0.52 
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Figure 6.1 HPLC chromatograms of Sauvignon Blanc juice (a) and wine (b): TLPs and chitinases are 
eluted at 9.8 min and 19.8 min, respectively. 
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Figure 6.2 Correlation between bentonite requirement and chitinases concentration in juice (a) and 
wine (b) from Dillons Point vineyard in 2011 
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Figure 6.3 Correlation between bentonite requirement and chitinases concentration in juice (a) and 
wine (b) from Dillons Point vineyard in 2012  
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7.1 Abstract 
Although most proteins and a significant proportion of total phenolics are extracted from grape pulp, 
the extraction of grape skin components may contribute to and modulate the final concentrations of 
these components in juice. This study investigated the influence of skin contact time and extractant 
composition on the extraction of skin components. The juice with 24 h skin contact showed 
significantly high concentrations of total phenolics and chitinases, but not for thaumatin-like 
proteins. No differences were observed between fresh berries and berries previously chilled for 24 h. 
More phenolics and tannin were extracted by using ground skin samples as greater mechanical 
damage assisted in the extraction of skin components. Compared to juice obtained by mechanically 
crushing and pressing grapes, juice obtained by hand squeezing berries resulted in lower protein 
concentration and the presence of tannin. It is suggested that hand squeezing was more effective in 
extracting components (mainly phenolics) from grape skin, but mechanically crushing and pressing 
was more effective in extracting components (mainly proteins) from grape pulp. Including bovine 
serum albumin (BSA) in ethanol or water extractants resulted in lower concentration of phenolics 
and tannin in the skin extracts and the concentration of BSA was dramatically decreased after 
extraction. The same phenomenon was observed in all juice extractants for which the protein 
concentration decreased after skin extraction. Overall, these results suggested that longer skin 
contact will increase the protein concentration in juice, in particular the haze forming pathogenesis-
related proteins, but the degree of this increase is modulated by the co-extraction of phenolic 
compounds from the skin.  
Keywords: extraction, protein, Sauvignon Blanc, skin, tannin, total phenolics 
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To avoid repetition of the literature review, the introduction section for this chapter has been 
replaced by a shorter objectives section. A fuller introduction will be included in the submitted paper. 
7.2 Objectives 
This study was the final experiment in a series of experiments investigating the influence of 
viticultural and oenological factors on Sauvignon Blanc grape composition and the consequent effect 
on wine protein stability. There were two objectives: the first was to further investigate the effect of 
skin contact on juice composition by using different maceration times from 0 to 24 hours; the second 
was to investigate the influence of protein-phenolic interactions on extraction of skin components 
from grapes into juice by using different extractants.  
7.3 Experimental 
7.3.1 Grape, juice samples and preparation of extractants 
Sauvignon Blanc grapes (MS/SO4) were hand-harvested from 13 bays of grapevines (3 vines per bay 
with interval distance of 2.4 m between vines) within two rows in the Dillons Point vineyard in 
Marlborough region of New Zealand in 2012.  
To investigate skin contact time, grape berries were processed according to the descriptions in Table 
7.1, giving the trial eight different treatments. For treatments 1, 2 and 3, fresh grape berries were 
crushed first, and then the rachis were removed, following by nil, 3 h or 24 h skin contact, 
respectively; for treatment 4, fresh berries were hand destemmed first, and then crushed and given 
3 h skin contact; for treatments 5, 6, 7 and 8, grape berries were stored at 4°C for 24 h before being 
processed as per treatments 1, 2, 3 and 4, respectively. For all eight treatments, juices were obtained 
using a small vertical press by depressing the plunger slowly and holding for 45 seconds, followed by 
lifting the plunger, stirring the marc, depressing the plunger again and holding for another 45 
seconds. 
To investigate protein-phenolic interactions, eight different extractants were prepared. Extractants 
1-4 were: juice obtained by hand-squeezing grapes with their skins (J+SK) and without their skins (J), 
both without and with the addition of 2% polyvinyl polypyrrolidone (+PVPP). Extractants 5-8 were: 
50% ethanol (EtOH) and distilled water (H2O), both without and with 200 mg/L of bovine serum 
albumin (+BSA).  
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7.3.2 Extraction of skin components using different extractants 
Grape skin was firstly hand peeled from frozen grape berries, which was directly used for extraction 
of hand peeled skin samples. For extraction of ground skin samples, the hand peeled grape skin was 
ground into a fine powder in liquid nitrogen with a mortar and pestle. The 8 different extractants 
were then individually added into same fresh weight (1 g) of hand-peeled skin samples or ground 
skin samples with a liquid to solid ratio of 10:1. The mixture was vortexed for one hour and then 
centrifuged (Centrifuge 5804, Eppendorf, Germany) for 30 min at 3000 g at room temperature. The 
supernatant was collected and stored at 4°C for further analysis. 
7.3.3 Chemical analysis of juice and the extracts 
Total phenolics: the concentration of total phenolics was determined using micro-scale protocol for 
Folin-Ciocalteau colorimetric reaction method as described in Chapter 2. 
Tannin: total tannin was determined using the 1 mL assay of methylcellulose precipitation (MCP) 
method as described in Chapter 2. Grape skin extracts (25 μL) were used for analysis, but not grape 
pulp as it contained no tannin.  
Total proteins: total protein concentration was determined using the EZQ protein quantification kit 
(Invitrogen, New Zealand) following the manufacturer’s instructions. The detailed procedures were 
described in Chapter 2. 
7.3.4 Quantification of PR proteins in juice using HPLC 
Samples (50 µL) were injected for PR protein analysis using HPLC. The HPLC running conditions were 
described in Chapter 2. 
7.3.5 Statistical analysis 
Data represent the means ± SD of three replicates, which were analysed by analysis of variance 
(ANOVA). Least significant difference (LSD, 5% level) was used to separate means when a significant 
P-value was obtained. 
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7.4 Results and discussion 
7.4.1 Standard juice analysis 
Juice samples from the skin contact time experiment had °Brix values in the range 18.2 to 19.7, pH 
values from 2.92 to 3.08, and titratable acidity (TA) values from 11.2 to 14.5 g/L, respectively (Table 
7.2). Juices had similar °Brix (P >0.05) between treatments, but a difference in pH (P < 0.001) and 
titratable acidity (P < 0.001) between treatments was observed with higher pH and lower titratable 
acidity in the juice obtained from grapes treated with 24 h skin contact. This is likely due to the 
increased extraction of potassium ions from grape skin as a result of longer skin contact. 
7.4.2 Proteins and phenolics in juices from the skin contact trial 
Total phenolics concentrations in juices for all treatments ranged from 208.0 to 284.9 mg/L (Table 
7.3). A difference (P < 0.001) in total phenolics was observed between treatments with higher 
concentration in juice from 24 h skin contact treatments. There were no differences (P > 0.05) in 
total proteins and TLPs between the treatments. However, a difference (P < 0.01) in the 
concentration of chitinases between treatments was observed. Juices obtained from grapes treated 
with 24 h skin contact had higher concentration of chitinases. The was no difference (P > 0.05) in 
concentration of total proteins, total phenolics, TLPs and chitinases between juices pressed from 
fresh berries and from berries chilled for 24 h. 
Skin contact is often utilised in winemaking because longer skin contact may enhance the quality of 
white wines by greater extraction of important flavour compounds from the grape skin (Maggu et al. 
2007), but it also requires control of contact conditions (time and temperature) to minimise 
browning (Gómez-Míguez et al. 2007). In this study, a higher concentration of chitinases observed in 
juice with longer skin contact indicated that a greater bentonite requirement for final wine protein 
stabilization is likely another issue caused by longer skin contact. Compared to 3 h skin contact, 
higher concentrations of total phenolics and chitinases were observed after 24 h, suggesting that 
more phenolic compounds and chitinases may be extracted from grape skin with increasing of skin 
contact time. Therefore, finding a balance of skin extraction between important flavour compounds 
and nuisance haze-forming PR proteins is important for winemakers to improve wine quality without 
increasing bentonite requirement. 
 
111 
Influence of Skin Contact and Different Extractants on Grape Skin Extraction 
 
7.4.3 The composition of extractants  
The concentration of total phenolics, tannin and total proteins in the extractants were determined 
and results are shown in the Table 7.4. There was a difference (P = 0.001) in concentrations of total 
phenolics between the juice extractants. Juice obtained by hand squeezing grapes with skin had a 
greater concentration of total phenolics. Tannin was only detected in the juice extractant obtained 
by squeezing berries with skin (J+SK and J+SK+PVPP), consistent with tannin only being present in the 
skin but not in the pulp of grape berry. No difference (P > 0.05) in tannin was observed between 
extractant J+SK and J+SK+PVPP. The protein concentrations in juice extractants ranged from 31.2 to 
86.4 mg/L. There was a difference (P < 0.001) in protein concentration between different juice 
extractants with the lowest concentration in extractant J+SK. Juice treated with PVPP had greater 
concentrations of total proteins, and juice obtained from berries with skin had lower level of protein 
content comparing to that from skin-peeled berries. The concentrations of BSA in extractants 
EtOH+BSA and H2O+BSA were 256.5 and 201.6 mg/L, respectively. 
Among the four juice extractants, the J+SK had the highest concentration of total phenolics but the 
lowest concentration of proteins. This was possibly because more phenolics were extracted from 
grape skin, which was also likely to cause greater loss of  proteins as a result of interaction between 
phenolics and proteins. Such interactions between phenolics and proteins have been previously 
studied by many authors (Charlton et al. 2002, Oh et al. 1980, Siebert 1999, Yokotsuka and Singleton 
1987). A hydrophobic bonding mechanism has been suggested as the major model of interaction in 
tannin-protein complexes by Siebert et al. (1996) who also proposed a conceptional model for the 
interaction, in which a protein molecule has a fixed number of polyphenol binding sites and more 
sites were exposed when protein hydrogen bonds were broken. Somers and Ziemelis (1973) 
indicated that approximately half of total wine protein is bound to a minor quantity of grape 
phenolics, and this portion is thought to be associated with protein haze formation. This hypothesis 
is supported by Esteruelas et al. (2011) who found the phenolic compounds in natural haze proteins 
of Sauvignon blanc wine and suggested that they are probably involved in the mechanism of haze 
appearance in white wines. 
Addition of PVPP into juices was used to remove phenolics as the insoluble PVPP is an agent well-
known to form complexes with phenolics (Anderson 1968), and the percentage of PVPP (2%) was 
chosen based on a previous study conducted by Pocock et al. (1998). The concentration of total 
phenolics in both J+SK and J decreased with addition of PVPP as expected, but to different extents. 
This is possibly because there are different phenolic compounds in grape skin and pulp (Rodríguez 
Montealegre et al. 2006, Somers and Ziemelis 1985), and thus the process of adsorption of the 
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different phenolic compounds to PVPP was also differentiated (Magalhães et al. 2010). The increase 
of protein content in the juice extractants with addition of PVPP was expected as more proteins 
would be recovered by removing phenolics to avoid the interaction between phenolics and proteins. 
A study of PVPP-polyphenol complexes has revealed that PVPP could form complexes with phenolics 
via hydrophobic interactions, H bonds and van der Waals bonds (Laborde et al. 2006). Thus, PVPP is 
usually added for protein extraction from phenolic-rich plant tissues to increase protein recovery 
(Deytieux et al. 2007, Pierpoint 1996, Vincent et al. 2006). 
7.4.4 The composition of skin extracts 
The extraction of components from grape skin at different integrity levels was carried out using each 
different extractant individually and the concentrations of phenolics, tannin and proteins in the 
resultant extracts were determined (Table 7.5). Compared to hand-peeled skin samples, more 
phenolics and tannins were extracted from the ground skin samples, indicating that the extraction of 
phenolic compounds in grape skin was significantly influenced by the integrity level of skin.  
Extraction of phenolic compounds from grape skin by each extractant varied from 92.9 to 115.3 mg/L 
(Figure 7.1). Among the different extractants, the 50% of ethanol showed the highest capability for 
phenolics extraction as expected. For ground skin samples, the addition of PVPP in juice extractants 
resulted in lower concentration of phenolics in skin extracts, comparing to corresponding juice 
extractants without addition of PVPP. This was due to absorption of phenolics by PVPP. The addition 
of BSA in 50% of ethanol (EtOH+BSA) and distilled water (H2O+BSA) also resulted in lower 
concentration of phenolics in resultant skin extracts, comparing to their counterparts without BSA. 
This result suggested that BSA might have reduced the amount of phenolic compounds extracted 
from grape skin as a result of phenolic-protein interactions. This hypothesis was supported by the 
significant decrease of BSA concentration after skin extraction. For hand-peeled skin samples, the 
influence of different extractant on the extraction of phenolic compounds showed the similar pattern 
as in ground skin samples but with a lower extraction rate. 
Extraction of tannins from grape skin by each extractant varied from 26.2 to 994.6 mg/L (Figure 7.2). 
The effect of different extractants on tannin extraction from grape skin showed a similar pattern to 
that described for total phenolics. In short, the ground skin samples gave rise to a greater extraction 
of tannin, more tannin was extracted by 50% ethanol and the addition of PVPP or BSA in the 
extractant resulted in less extraction of tannin. It is notable that tannin was detected in all extracts 
regardless of extractant for both the ground and peeled skin samples, suggesting that tannin is 
relatively easily extracted from grape skin. 
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Compared to juices obtained by mechanically crushing and pressing berries in the skin contact trial, 
the juices obtained by hand squeezing berries had much lower concentrations of proteins. The 
relatively gentle damage of grape berries caused by hand squeezing may explain why in the previous 
study of Pocock et al. (1998), juice from hand harvesting treatment had lower protein concentration 
comparing to mechanical harvesting treatment. In that study, the juice from hand harvesting 
treatment was obtained by hand-squeezing berries which were hand-picked, and the juice from 
mechanically harvesting treatment was given for about 20 h skin contact which would result in more 
extraction of skin components than 3 h skin contact. However, it’s worth noting that tannin was only 
observed in hand-squeezed juice but not in mechanically crushed and pressed juice. As tannin is only 
present in grape skin (Chapter 4), it seems that more tannin was extracted from skin by hand 
squeezing berries. A possible explanation for this observation is that hand squeezing was more 
effective in extracting grape skin components (mainly phenolics) through repeatedly squeezing and 
rubbing the mixture of broken grape skin and pulp, but in contrast mechanical pressing was more 
effective in extract grape pulp components (mainly proteins) through applying much greater pressing 
pressure.  
Total proteins in extractants and in skin extracts were shown in Figure 7.3. A small amount of protein 
was extracted from ground skin samples using 50% ethanol (56.1 mg/L) or distilled water (12.6 
mg/L), but no proteins were extracted for hand-peeled skin samples. Little or no protein extracted 
from grape skin might be partly due to the low level of protein content in grape skin; the other 
possible explanation was that the phenolics and tannin extracted from grape skin could reduce the 
protein concentration by forming the phenolic-protein complexes. Therefore, phenolic-protein 
interactions would affect the extraction of both phenolics and proteins from grape berries into juice, 
and the overall impact on resultant juice composition may depend on the ratio of phenolics and 
proteins. 
7.5 Conclusions 
The results of this study show that skin contact can increase the extraction of skin components, 
particularly phenolics and chitinases which may cause higher bentonite requirement for resultant 
wine. The interactions between phenolics and proteins could impact each other’s extraction from 
grape skin. This influence may play an important role in determining juice composition during the 
juicing process. 
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Table 7.1 Grape processing conditions in different treatments of skin contact trial 
Treatments Grape weight (kg) Processing conditions 
Skin 
contact 
T1-F-0 3 Fresh fruit, crushed in manual crusher, rachis removed by hand 0 h 
T2-F-3 3 Fresh fruit, crushed in manual crusher, rachis removed by hand 3 h 
T3-F-24 3 Fresh fruit, crushed in manual crusher, rachis removed by hand 24 h 
T4-FD-3 3 Fresh fruit, hand de-stemmed, crushed in manual crusher 3 h 
T5-C-0 3 Chilled fruit (4°C for 24 h), crushed in manual crusher, rachis removed by hand 0 h 
T6-C-3 3 Chilled fruit (4°C for 24 h), crushed in manual crusher, rachis removed by hand 3 h 
T7-C-24 3 Chilled fruit (4°C for 24 h), crushed in manual crusher, rachis removed by hand 24 h 
T8-CD-3 3 Chilled fruit (4°C for 24 h), hand de-stemmed, crushed in manual crusher 3 h 
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Table 7.2 General analytical data for Sauvignon Blanc juices from the skin contact trial 
Treatment °Brix pH TA (g/L)* 
T1-F-0 19.2 2.92 14.0 
T2-F-3 19.0 2.96 14.5 
T3-F-24 19.7 3.03 11.4 
T4-FD-3 19.7 2.96 14.1 
T5-C-0 18.7 2.89 13.1 
T6-C-3 18.2 2.94 12.5 
T7-C-24 18.8 3.08 11.2 
T8-CD-3 19.1 2.94 12.2 
Significance NS *** *** 
*Expressed as tartaric acid equivalent. Significance levels are: NS is p>0.05; *is p≤0.05; **is p≤0.01; *** is 
p≤0.001 
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Table 7.3 Juice composition analysis in skin contact trial. 
Treatment Berry Status 
Phenolics 
(mg/L)# 
Proteins 
(mg/L)* TLPs (mg/L)† Chitinases (mg/L)† 
T1-F-0 Fresh 256.3 151.9 128.2 95.0 
T2-F-3 Fresh 238.0 173.7 150.3 113.1 
T3-F-24 Fresh 284.9 199.0 160.8 122.5 
T4-FD-3 Fresh 208.0 160.1 135.9 97.7 
T5-C-0 Chilled 239.4 172.1 138.6 100.0 
T6-C-3 Chilled 229.6 175.2 145.8 109.2 
T7-C-24 Chilled 276.0 203.9 153.7 121.3 
T8-CD-3 Chilled 250.2 165.0 130.7 97.0 
Significance     
Treatment *** NS NS ** 
Berry status NS NS NS NS 
* Total protein concentration was determined by EZQ kit and expressed as ovalbumin equivalent; # phenolics 
were determined by Folin-Ciocalteau method and expressed as gallic acid equivalent; † TLPs and chitinases 
were determined by RP-HPLC and expressed as thaumatin equivalent. Significance levels are: NS is p>0.05, *is 
p≤0.05, **is p≤0.01, and *** is p≤0.001. 
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Table 7.4 Determination of total phenolics, tannin and total protein in extractants (n=3) 
Extractants Total phenolics Tannin Total protein (mg/L Gallic acid eq.) (mg/L Epicatechin eq.) (mg/L Ovalbumin eq.) 
J+SK 193.5 ± 5.9 b 128.2 ± 5.6 a   31.2 ± 3.7 a 
J+SK+PVPP 170.5 ± 4.2 a 118.2 ± 7.0 a   57.2 ± 5.1 b 
J 174.4 ± 5.5 a ND*   64.7 ± 5.9 b 
J+PVPP 160.5 ± 3.3 a ND   86.4 ± 4.5 c 
EtOH n/a n/a n/a 
EtOH+BSA n/a n/a 256.5 ± 8.4 d 
H2O n/a n/a n/a 
H2O+BSA n/a n/a 201.6 ± 8.0 e 
*ND: not detected. Statistically significant differences (P < 0.05) between treatments using Tukey’s procedure 
are indicated by different letters. 
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Table 7.5 Determination of total phenolics, tannin and total protein in the extracts (n=3) 
Extracts Total phenolics Tannin Total protein (mg/L Gallic acid eq.) (mg/L Epicatechin eq.) (mg/L Ovalbumin eq.) 
G*-J+SK 697.7 ± 1.8 i 427.9 ± 5.8 h ND# 
G-J+SK+PVPP     543.1 ± 17.9 g  315.1 ± 23.7 f ND 
G-J   713.5 ± 15.6 i   411.7 ± 2.2 gh   1.9 ± 8.4 a 
G-J+PVPP    566.2 ± 13.9 g    285.4 ± 10.3 ef ND 
G-EtOH  1115.3 ± 22.4 k  994.6 ± 15.1 k 56.1 ± 8.1 b 
G-EtOH+BSA 1043.2 ± 23.7 j 938.4 ± 19.5 j 58.7 ± 6.9 b 
G-H2O    626.8 ± 35.4 h             565.8 ± 7.4 i 12.6 ± 7.2 a 
G-H2O+BSA 489.5 ± 3.6 f             386.9 ± 4.7 g ND 
P†-J+SK  400.5 ± 0.9 e 290.9 ± 0.9 ef     2.3 ± 11.0 a 
P-J+SK+PVPP  354.1 ± 6.3 d             245.6 ± 6.8 d   15.3 ± 14.6 a 
P-J 312.0 ± 7.9 c  194.6 ± 11.3 c 18.3 ± 3.7 a 
P-J+PVPP  355.3 ± 8.2 d   235.3 ± 17.8 d     6.2 ± 17.3 a 
P-EtOH   318.0 ± 9.0 cd             233.0 ± 8.7 d ND 
P-EtOH+BSA   354.1 ± 14.2 d     261.5 ± 15.9 de ND 
P-H2O 150.5 ± 3.1 b  77.7 ± 4.7 b ND 
P-H2O+BSA  92.9 ± 1.0 a  26.2 ± 1.3 a ND 
*G: ground skin tissues were used for extraction; †P: peeled skin tissues were used for extraction; #ND: not 
detected. Statistically significant differences (P<0.05) between treatments using Tukey’s procedure are 
indicated by different letters. 
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Figure 7.1 Concentration of total phenolics in skin extracts which is composed of phenolics from 
the extractants and phenolics extracted from grape skin, the error bars represent the standard 
deviation of the mean (n=3) 
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Figure 7.2 Concentration of tannin determined in skin extracts which is composed of tannin from 
the extractants and tannin extracted from grape skin, the error bars represent the standard 
deviation of the mean (n=3) 
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 Chapter 8 
General Conclusions and Future Work 
In a previous PhD project conducted in our research team, Hung (2010) characterised proteins of 
Marlborough Sauvignon Blanc and observed that wines made from the same grape variety but from 
five different growing sites (in Marlborough region) showed great variations in protein concentration. 
As a result, bentonite requirement for protein stabilization also varied. In addition, the 26 kDa 
fraction of wine proteins (presumably chitinases) was found to have a good linear correlation with 
bentonite requirement for heat stability. To further investigate protein stabilization in New Zealand 
white wine, this study focused on pathogenesis-related (PR) proteins and investigated their 
distribution and development in Sauvignon Blanc grape berries during ripening, as well as their 
changes in grape skin and pulp in response to UV exclusion and powdery mildew infection. 
Moreover, this study evaluated the influence of harvesting and grape processing techniques on 
extraction of PR proteins into juice and accordingly wine protein heat instability.  
The analysis of distribution of PR proteins in specific grape tissues (skin, pulp and seed) using LC-
MS/MS showed that the two major soluble PR proteins in wine, TLPs and chitinases, are present in 
both grape skin and pulp but not in seed. The presence of PR proteins in grape skin indicated the 
possibility of haze forming proteins being extracted from skin as well as from pulp during juice 
processing. Furthermore, a gradual increase of TLPs and chitinases in grape skin and pulp during 
ripening was observed in this study, and their accumulation in grape juice collected during ripening 
suggested that more PR proteins are extracted as berries ripen. This information is helpful for 
viticulturists and oenologists who need to decide the optimal ripeness of grapes in consideration of 
reducing the extraction of PR proteins into juice. 
Environmental stresses have significant impacts on grape berry composition, which can accordingly 
influence the concentration of grape components extracted into juice. In this study, a UV exclusion 
experiment showed significant but only slightly higher concentrations of total and TLP proteins in 
grape berries from the UV exclusion treatment treatments, but the concentration of phenolics and 
tannin was significantly higher in the control compared to the UV exclusion treatment. The lower 
level of PR proteins in the control treatment, may have been due to the higher phenolics and tannin 
in berries which interacted with proteins during juicing process resulting in lower detectable levels of 
proteins. The binding of phenolic compounds with proteins resulting the precipitation of the 
complexes has been observed in previous studies (Charlton et al. 2002, Siebert et al. 1996) and the 
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 observation of phenolic compounds in natural haze protein of Sauvignon white wine in a recent 
study (Esteruelas et al. 2011) also support the explanation that interactions between phenolics and 
proteins can result in the precipitation of proteins and therefore reduce protein concentration. In the 
powdery mildew infection experiment, a higher concentration of PR proteins was observed in 
powdery mildew infected grapes and corresponding juice. Although powdery mildew infection on 
grape berries also results in a difference in phenolics level in grapes, they  seemed to have little 
impact on final concentration of PR proteins in juice comparing to the case of UV exclusion 
experiment. This may have been associated with the overall concentrations of phenolics which were 
general higher in the UV exclusion treatment than the highest powdery mildewed treatment (332 
versus 252 mg/L, respectively). However, the level of PR proteins in grape berries infected with 
powdery mildew are likely to be the major determinant of their concentration in juice, but other 
grape components such as phenolics and tannin may modulate the final concentration of PR proteins 
in juice via interactions in the extraction process. 
It is important to note that even though grape berry composition is set at harvest, the harvesting 
methods and the following grape processing can influence how much of these grape components 
would be extracted into juice. This study showed that these practical techniques could indirectly 
influence the protein concentration in wine and accordingly the wine protein stabilization. A machine 
harvesting with destem, crush and 3 h skin contact treatment resulted in lower concentration of PR 
proteins in juice and wine than hand harvesting with the same grape processing conditions. 
Bentonite requirement was also found to be lower  in wines made from the machine harvesting 
treatment. This is very important information for winemakers as they could select the appropriate 
harvesting and grape processing methods to achieve wine protein stabilization and subsequently use 
less bentonite to stabilise the wine. The only other information regarding to impact of harvesting on 
protein concentration in juice was reported by an Australian research team (Pocock et al. 1998, 
Pocock and Waters 1998) who suggested that mechanical harvesting coupled with long distance 
transport could be expected to increase juice protein concentration and therefore bentonite 
requirement. The comparison of Pocock’s study with our study and possible explanations are 
detailed in Chapter 6. To sum up, Pocock’s work is relevant to Australian conditions which are 
considerably different to those experienced in New Zealand. In our study, the effect of harvesting 
and grape processing on protein concentration in resultant juices and wines is probably depending 
on a combination of factors, including juice yield, phenolic extraction and its interaction with 
proteins during processing. Furthermore, our further skin extraction experiment showed that more 
grape components are extracted in hand-squeezed juice than mechanically pressed juice and in 24 h 
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 skin contact juice than 3 h skin contact juice, and the extraction of grape skin components is greatly 
influenced by interactions between phenolics/tannin and proteins. 
Analysis of juices and wines collected from two vineyards in Marlborough region over two vintages 
(2011 and 2012) showed that the year and vineyard site had the major impact on the level of 
proteins and phenolics in juices and wines, which reflects the influence of climate and soil on grape 
berry composition. For grape samples collected from both vineyards, the destemming, crushing and 
skin contact treatments resulted in greater juice yield and higher concentration of phenolics and 
proteins in juice. Pressing pressure only showed significant influence on total phenolics in individual 
press fractions but not in combined juice samples, which is probably due to the dilution effect.  
The protein heat instability test and determination of bentonite requirement for wines collected 
from Dillons Point vineyard in 2011 and 2012 showed that the concentration of chitinases had a good 
linear correlation with bentonite requirement. This result was in agreement with a study by 
Marangon et al. (2011). In Addition, a recently published study by Hung et al. (2014) also revealed 
that bentonite requirement linearly correlates with the concentration of the 26 kDa proteins fraction 
in wine, a fraction which this study found comprised chitinases. Research recently conducted by 
Marrangon et al. (2010) also revealed that chitinases require a lower temperature to unfold, 
aggregate and precipitate than TLPs, and this denaturation process is irreversible; in contrast, TLPs 
begin to unfold at a higher temperature, and this denaturation is reversible. Thus, removal of 
chitinases would be more critical to achieve wine protein stabilization.  
This study has investigated the distribution and development of PR proteins in Sauvignon Blanc grape 
berries and how they change as a result of environmental stress. The impact of harvesting and 
processing techniques on juice protein concentration and consequent wine protein stability were 
also investigated. These observations are valuable for viticulturists and oenologists as they allow 
them to evaluate and manage the protein stabilization in final wine products through the selection of 
appropriate practices that can take place in vineyard and winery. However, several aspects of this 
research should be further investigated as they will provide an even clearer understanding of the 
processes, from the grape growing period until the end of fermentation, that may affect quantities of 
pathogenesis-related proteins in wine, which consequently cause the variation in bentonite 
requirement for wine protein stabilization. Potential further  investigations include:  
• To further develop a method for absolute quantification of TLPs and chitinases from protein 
extracts in specific grape tissue. 
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 • To identify the types of phenolic compounds and proteins that are prone to combine and 
interact with each other during the juicing process. 
• To examine the UV exclusion treatment in a vineyard situation, to verify that higher UV 
treatments could cause lower PR proteins, thereby providing some practical advice on 
canopy management for viticulturists. 
• To monitor the changes of phenolics and proteins during the fermentation process, including 
interactions between phenolics and proteins; also to evaluate how these compounds are 
affected by changes in other compounds during fermentation, such as increasing ethanol. 
• To determine whether there are any other grape components that can impact the extraction 
of proteins from grapes into juice, such as polysaccharides. 
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